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modalities	 in	 the	 treatment	 of	 degenerative,	 atraumatic	 supraspinatus	 tendon	 tear	 in	
elderly	 patients.	 180	 shoulders	 were	 randomized	 into	 three	 treatment	 groups:	 1)	
physiotherapy,	2)	arthroscopic	acromioplasty	and	physiotherapy,	3)	arthroscopic	rotator	
cuff	 reconstruction,	 acromioplasty	 and	 physiotherapy.	 The	 objective	 of	 this	 study	 was	
also	 to	 evaluate	 retrospectively	 the	 effect	 of	 trauma,	 the	 size	 of	 the	 rotator	 cuff	 tear,	
smoking	habits	and	glenohumeral	osteoarthritis	on	the	clinical	treatment	outcome	after	
arthroscopic	 rotator	 cuff	 repair	 in	 a	 consecutively	 prospectively	 collected	 series	 of	









cuff	 tear	 patients	 who	 smoked	 were	 significantly	 younger	 than	 non‐smokers,	 and	
smoking	was	associated	with	poorer	clinical	outcome.		Concomitant	osteoarthritis	of	the	
glenohumeral	 joint	was	 found	 to	 be	 a	 relatively	 common	 finding	 in	 supraspinatus	 tear	
patients.	 Osteoarthritis	 of	 the	 glenohumeral	 joint	 in	 operatively	 treated	 supraspinatus	
tear	 patients	 predicted	 poorer	 clinical	 results	 comparing	 to	 patients	 without	
osteoarthritis.	
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Degeneratiivinen kiertäjäkalvosimen repeämä  - Tähystysleikkauksen 










Tähystyksessä	 hoidettavan	 kiertäjäkalvosinjänteen	 repeämän	 ennusteeseen	 vaikuttavat	
tekijät	 ovat	 osittain	 epäselviä,	 ja	 näyttö	 minkään	 hoitomuodon	 puolesta	 on	 edelleen	
riittämätön.	 Tämän	 väitöskirjan	 tarkoituksena	 oli	 selvittää	 iäkkäillä	 potilailla	 toisaalta	
konservatiivisen	 ja	 leikkauksellisen	 hoidon	 eroa	 jännerappeuman	 pohjalta	 syntyneissä	
ylemmän	 lapalihasjänteen	 repeämissä,	 toisaalta	 kahden	 eri	 leikkausmenetelmän	 eroa	
satunnaistetussa	 prospektiivisessa	 monikeskustutkimuksessa.	 180	 jännerappeuman	
pohjalta	 syntynyttä	 ylemmän	 lapalihasjänteen	 repeämää	 satunnaistettiin	 kolmeen	
hoitoryhmään:	1)	 fysioterapia,	2)	 tähystyksellinen	olkalisäkkeen	avarrus	 ja	 fysioterapia,	
3)	tähystyksellinen	jännerepeämän	korjaus,	olkalisäkkeen	avarrus	ja	fysioterapia.	Lisäksi	
oli	 tavoitteena	 selvittää	 retrospektiivisesti	 tapaturman,	 kiertäjäkalvosimen	 repeämän	
koon,	 tupakoinnin	 ja	olkanivelen	nivelrikon	vaikutusta	 tähystyksessä	hoidetun	kiertäjä‐
kalvosinrepeämän	 kliiniseen	 lopputulokseen	 prospektiivisesti	 kerätyssä	 potilas‐





verrattuna.	 	 Olkaoiretta	 edeltävän	 tapaturman	 ei	 todettu	 vaikuttavan	 leikkauksella	
hoidetun	 kiertäjäkalvosinrepeämän	 kliiniseen	 lopputulokseen.	 Potilaat	 olivat	
samanikäisiä	 riippumatta	 siitä,	 edelsikö	 todettua	 kiertäjäkalvosinrepeämää	 tapaturma	
vai	 ei.	 Kiertäjäkalvosinrepeämän	 koko	 korreloi	 leikkaustulokseen.	 Jännerepeämän	
ulottuminen	 alemman	 lapalihasjänteen	 alueelle	 ennusti	 huonompaa	 kliinistä	 loppu‐
tulosta	 verrattuna	 jännerepeämiin	 ylemmän	 lapalihaksen	 ja	 lavanaluslihaksen	 alueella.	
Tupakoivat	 potilaat,	 joilla	 kiertäjäkalvosinrepeämä	 hoidettiin	 leikkauksella	 olivat	 nuo‐
rempia	tupakoimattomiin	leikkauspotilaisiin	verrattuna.	Leikkauksen	jälkeinen	kliininen	
lopputulos	 oli	 tupakoivilla	 huonompi.	 Olkanivelen	 nivelrikko	 todettiin	 yleiseksi	
löydökseksi	 ylemmän	 lapalihasjänteen	 repeämästä	 kärsivillä	 potilailla.	 Olkanivelen	




gia,	 olkalisäkkeen	 avarrus,	 kiertäjäkalvosimen	 repeämän	 korjaus,	 fysioterapia,	 tapatur‐
ma,	repeämän	koko,	tupakointi,	nivelrikko,	Constant‐pisteet	
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convert	an	asymptomatic	RC	 tear	 into	a	 symptomatic	 tear.	An	 increased	size	of	







with	 severe	 tendon	 degeneration	 it	 is	 not	 known	 whether	 operatively	 re‐
insertion	of	the	tendon	is	compatible	with	healing	(Boileau	et	al.	2005),	and	it	is	
unclear	whether	 operative	 treatment	 of	 these	 degenerative	 RC	 tears	 is,	 in	 fact,	
beneficial.	Recent	 studies	have	reported	good	results	of	 conservative	 treatment	
of	 RC	 tears,	 but	 only	 one	 level	 I	 trial	 comparing	 conservative	 and	 operative	
treatment	of	RC	tears	has	been	published	previously.	Despite	traumatic	event	is	
often	associated	with	 the	onset	of	 shoulder	 symptoms	 there	 is	 only	one	earlier	
study	 comparing	 outcome	 between	 traumatic	 and	 non‐traumatic	 rotator	 cuff	
tears	 (Braune	 et	 al.	 2003). The	 RC	 tear	 size	 is	 reported	 to	 correlate	 with	 the	
rotator	cuff	re‐tear	rate	(Cho	and	Rhee	2009,	 	Cole	et	al.	2007,	 	Oh	et	al.	2009),	
but	it	is	unclear	if	there	is	a	direct	correlation	between	the	tear	size	and	clinical	
outcome	 after	 RC	 repair.	 In	 literature	 there	 are	 only	 few	 earlier	 studies	 with	




The	purpose	of	 this	 thesis	was	 to	address	 these	 controversial	 issues	associated	
with	arthroscopic	repair	of	degenerative	RC	tears.		It	was	designed	a	prospective,	
randomized	trial	investigating	three	different	treatment	modalities	of	atraumatic	
supraspinatus	 tears	 in	 elderly	patients.	The	 effect	of	 trauma,	 the	 size	of	 the	RC	
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2. REVIEW OF THE LITERATURE 
 
2.1. ROTATOR CUFF 
	
2.1.1. Etymology 
Rotator	 is	 derived	 from	 the	 Latin	 word	 rotationem,	 noun	 of	 action	 from	 past	
participle	stem	of	rotare	“revolve,	roll”.	Rotator	“muscle	which	allows	a	part	to	be	
moved	 circularly”	 is	 recorded	 from	 1670s	 (Online	 Etymology	 Dictionary).	 Cuff 




the	 front,	back,	 and	 top	of	 the	 shoulder	 joint	 like	a	 cuff	 of	 a	 shirt	 sleeve.	These	
tendons	 are	 connected	 individually	 to	 short,	 but	 very	 important,	 muscles	 that	
originate	 from	 the	 scapula.	 When	 the	 muscles	 contract,	 they	 pull	 on	 the	 RC	




The	 RC	 is	 a	 complex	 of	 four	 muscles	 that	 forms	 a	 continuous	 “collar”	 of	
reinforcement	 around	 the	 anterior,	 superior	 and	 posterior	 surfaces	 of	 the	
glenohumeral	 joint.	 RC	 is	 composed	 of	 four	muscle	 tendons:	 the	 subscapularis	
(SC),	 supraspinatus	 (SSP),	 infraspinatus	 (IFSP)	 and	 teres	 minor	 (TM).	 The	
tendons	of	these	muscles	blend	in	with	the	subjacent	capsule	as	they	attach	to	the	
tuberosities	 of	 the	 humerus	 (Minagawa	 et	 al.	 1998).	 	 The	 subscapularis	 arises	
from	 the	 anterior	 aspect	 of	 the	 scapula	 and	 attaches	 over	 much	 of	 the	 lesser	





the	 greater	 tuberosity.	 The	 infraspinatus	 muscle	 arises	 from	 the	 infraspinatus	
fossa	of	posterior	scapula	and	attaches	to	the	posterolateral	aspect	of	the	greater	
tuberosity.	 The	 teres	minor	arises	 from	 lower	 lateral	 aspect	 of	 the	 scapula	 and	
attaches	to	the	lower	aspect	of	the	greater	tuberosity	(Curtis	et	al.	2006	(Fig.	1),	
Dugas	 et	 al.	 2002).	 Mochizuki	 et	 al.	 (2008)	 reported	 that	 the	 footprint	 of	 the	
supraspinatus	 on	 the	 greater	 tuberosity	 is	 much	 smaller	 than	 previously	
believed,	 and	 this	 area	 of	 the	 greater	 tuberosity	 is	 actually	 occupied	 by	 a	
substantial	 amount	 of	 the	 infraspinatus.	 The	 tendons	 of	 RC	 are	 inseparable,	
except	for	the	subscapularis,	which	is	separate	and	joined	to	the	rest	of	the	cuff	
via	the	rotator	interval.	The	biceps	long	head	tendon	(BLHT)	may	be	considered	a	
part	 of	 the	 RC.	 It	 originates	 from	 the	 supraglenoid	 tubercle	 of	 the	 scapula	 and	
from	the	posterior,	anterior	or	both	aspects	of	the	superior	labrum	(Vangsness	et	
al.	 1994).	An	 intra‐articular	portion	of	 the	BLHT	passes	over	 the	humeral	head	






















Fig.	 2.	 Biceps	 pulley	 structure	 within	 the	 rotator	 interval	 (BT=biceps	 tendon,	
CHL=coracohumeral	 ligament,	 SGHL=superior	 glenohumeral	 ligament)	
(Reprinted	with	permission	by	Dr	Jason	Crane)	
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The	 RC	 muscles	 are	 innervated	 by	 cervical	 spinal	 nerves	 C5‐C6.	 The	
subscapularis	 is	 innervated	 by	 the	 upper	 and	 lower	 subscapular	 nerves.	 The	
innervation	 to	 the	supraspinatus	and	 infraspinatus	muscles	originates	 from	the	
suprascapular	nerve	 after	 it	 passes	 through	 the	 suprascapular	notch.	The	 teres	
minor	is	innervated	by	a	branch	of	the	axillary	nerve	(Hattrup	and	Cofield	2010).	






anterior	humeral	circumflex	artery,	 the	acromial	branch	of	 the	 thoracoacromial	
artery	and	the	suprascapular	and	posterior	humeral	circumflex	arteries	(Chansky	




and	 cells	 referred	 to	 as	 tenocytes	 (Riley	 et	 al.	 1994).	 Collagen	 is	 composed	
predominately	 of	 type	 I	 molecules	 making	 up	 85%	 of	 the	 dry	 weight	 of	 the	
tendons	 (Brinker	 and	O'Connor	2004).	The	microanatomy	of	 the	 supraspinatus	
and	infraspinatus	tendons	is	composed	of	five	layers	(Clark	and	Harryman	1992).	
The	most	superficial	 layer	 is	composed	of	the	fibers	of	coracohumeral	 ligament.	
Layers	two	and	three	are	thick	tendinous	structures.	 	Layer	four	is	composed	of	
loose	 connective	 tissue	 and	 layer	 five	 is	 the	 joint	 capsule	 of	 the	 shoulder.	 The	
collagen	 fiber	 organization	 is	 important	 for	 normal	 mechanics	 of	 the	 tendon	
(Szczesny	et	al.	2012).	There	is	little	published	data	about	the	tensile	strength	of	





2.1.3. Function of the rotator cuff 
The	RC	muscles	rotate	the	humerus	in	relation	to	the	scapula.	The	supraspinatus	
muscle	 acts	 closely	 with	 the	 deltoid	 muscle	 to	 elevate	 the	 upper	 extremity	 in	
flexion	 and	 abduction.	 The	 supraspinatus	 initiates	 the	 first	 15	 to	 30º	 of	 arm	
abduction	 and	 acts	 throughout	 the	 range	 of	 abduction	 of	 the	 shoulder.	 The	




these	 four	 internal	 rotators,	 the	 infraspinatus	 and	 teres	 minor	 are	 the	 only	
external	rotators	of	the	shoulder.	The	internal	rotator	muscles	comprise	a	larger	
muscle	mass	than	the	external	rotator	muscles,	which	leads	to	greater	power	of	
internal	 rotation	 (Ng	 and	 Kramer	 1991).	 The	 infraspinatus	 acts	 primarily	with	
the	arm	in	 the	neutral	position	while	 the	 teres	minor	 is	more	active	 in	external	






and	 of	 approximately	 45%	 of	 abduction	 strength	 in	 patients	 with	 complete	
isolated	infraspinatus	palsy.		 
	
The	 four	 RC	 muscles	 not	 only	 move	 but	 also	 stabilize	 the	 glenohumeral	 joint.		
They	 do	 this	 by	 centralizing	 the	 humeral	 head	 in	 the	 glenoid	 fossa	 (Neri	 et	 al.	
2009).	An	important	characteristic	of	the	RC	muscles	is	that	they	can	function	as	
head	 compressors	 in	 almost	 any	 position	 of	 the	 glenohumeral	 joint.	 The	 other	
shoulder	 muscles	 (deltoid,	 BLHT,	 pectoralis	 major,	 latissimus	 dorsi	 and	 teres	
major)	 can	 contribute	 to	 humeroglenoid	 compression	 only	 in	 certain	
glenohumeral	 positions.	 The	 supraspinatus	 muscle	 is	 the	 primary	 superior	
compressor	 of	 the	 humeral	 head	 and	 resists	 the	 superior	 force	 exerted	 by	 the	
deltoid	 muscle	 (Parsons	 et	 al.	 2002).	 The	 subscapularis	 and	 the	 infraspinatus	
muscles	 are	 the	 primary	 anterior	 and	 posterior	 compressors,	 respectively.	 The	





















The	 exact	 function	 of	 the	 BLHT	 in	 shoulder	 is	 controversial.	 Cadaver	 studies	
suggest	 that	 the	 BLHT	 has	 stabilizing	 effect	 on	 the	 glenohumeral	 joint	 in	 all	
directions	(Itoi	et	al.	1993,		Kumar	et	al.	1989,		Pagnani	et	al.	1996,		Rodosky	et	al.	
1994,		Su	et	al.	2010,		Warner	and	McMahon	1995,		Youm	et	al.	2009).	However,	
clinically	 this	 stabilizing	 effect	 of	 the	 BLHT	 appears	 to	 be	 insignificant	
(Berlemann	and	Bayley	1995,		Klinger	et	al.	2005,		Walch	et	al.	2005).		
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2.2. ROTATOR CUFF TEAR 
RC	 diseases	 rank	 among	 the	 most	 prevalent	 of	 all	 musculoskeletal	 disorders.	
Neer	(1983)	described	RC	disease	as	a	progressive	degenerative	disorder	of	the	
RC	tendons	which	begins	with	an	acute	tendinitis,	progresses	to	tendinosis	with	
degeneration	and	partial	 thickness	 tears,	 and	 result	 in	 full	 thickness	 tear.	Later	
histological	 and	 clinical	 studies	 have	 shown	 that	 degenerative	 tendon	 changes	
and	partial	 tears	 occur	more	often	 on	 the	 articular	 side	of	 the	RC	 (Longo	 et	 al.	
2007).	 This	 may	 due	 to	 greater	 tensile	 strain	 in	 articular‐side	 tendon	 fibers	
compared	 to	 bursal‐side	 fibers	 with	 the	 arm	 in	 abduction	 (Reilly	 et	 al.	 2003).	
Supraspinatus	tendon	is	most	frequently	involved	(Kim	et	al.	2010).	RC	tear	may	
also	result	 suddenly	 from	an	acute	 trauma,	 fall	onto	an	outstretched	arm	being	
the	most	common	mechanism	of	injury	(Mall	et	al.	2013).	These	traumatic	tears	
are	 typically	 larger	 and	 involve	more	often	 the	 subscapularis	 and	 infraspinatus	
tendons	 compared	 to	 atraumatic	 tears	 (Mall	 et	 al.	 2013).	 Torn	 RC	 muscles	
especially	 with	 larger	 tears	 atrophy	 with	 time	 and	 muscle	 is	 replaced	 by	 fat	
(Chaudhury	et	al.	2012).		
	
2.2.1. Prevalence  
The	true	prevalence	of	RC	tears	in	the	general	population	is	difficult	to	determine	
because	 a	 tear	 can	 cause	 significant	 disability	 or	 it	may	be	 fully	 asymptomatic.	
The	 prevalence	 of	 RC	 tears	 has	 been	 estimated	 in	 many	 cadaveric	 and	
radiological	studies.	Yamanaka	and	Fukuda	(1987)	found	an	overall	prevalence	of	
20%	 (full‐thickness	 tear	 7%,	 partial	 thickness	 tear	 13%)	 of	 RC	 tears	 in	 249	
cadaveric	 shoulders	 and	 Lehman	 et	 al.	 (1995)	 17%	 full‐thickness	 tears	 in	 235	





In	 radiologic	 studies	 the	 prevalence	 of	 RC	 tears	 has	 been	 evaluated	 in	
asymptomatic	and	symptomatic	shoulders.	Yamamoto	et	al.	(2010)	studied	1366	
shoulders	 (mean	 age	57,9	 years,	 range	22‐87)	 and	 this	population‐based	 study	
reported	 an	 overall	 prevalence	 of	 21%	 of	 RC	 tears	 by	 ultrasonography.	 The	
prevalence	 of	 RC	 tears	 was	 17%	 in	 asymptomatic	 and	 36%	 in	 symptomatic	
shoulders.	 Reilly	 et	 al.	 (2006)	 reported	 an	 overall	 tear	 rate	 of	 39%	 in	
asymptomatic	 and	 41%	 in	 symptomatic	 shoulders	 (mean	 age	 70,1	 years)	 by	
ultrasonographs;	 by	 magnetic	 resonance	 imaging	 (MRI)	 the	 prevalences	 were	
26%	and	49%,	 respectively.	 Sher	et	 al.	 (1995)	 studied	asymptomatic	 shoulders	
and	reported	an	overall	prevalence	in	all	age‐groups	(mean	age	53	years,	range	
19‐89)	 of	 34%	 by	MRI,	whereas	 Tempelhof	 et	 al.	 (1999)	 arrived	 at	 a	 figure	 of	
23%	by	ultrasonography	in	patients	over	50	years.		
	
Based	on	 these	 studies	RC	 tear	 is	 a	 common	 finding	both	 in	 asymptomatic	 and	
symptomatic	shoulders	in	individuals	over	50	years	of	age.	
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2.2.2. Etiology 
Several	 theories	 have	 been	 proposed	 as	 etiologic	 factors	 for	 rotator	 cuff	 tear.		
Extrinsic	 theory	 refers	 to	 the	 mechanical	 abrasion	 of	 the	 RC	 tendons	 by	 the	
surrounding	 anatomical	 structures	 whereas	 intrinsic	 theory	 includes	 the	
mechanisms	occurring	within	the	RC	itself.		
	
2.2.2.1. Extrinsic theory 
RC	 tears	 have	 been	 related	 to	 the	 morphology	 of	 the	 acromion.	 Historically,	
mechanical	 compression	 of	 the	 RC	 tendons	 under	 the	 subacromial	 arch	 was	
thought	to	be	the	factor	initiating	RC	tears.	Neer	(1983)	introduced	the	concept	of	
a	 continuum	of	 the	 impingement	 syndrome.	 Bigliani	 et	 al.	 (1986)	 analyzed	 the	
shape	of	the	acromion	on	lateral	radiographs	and	found	a	higher	prevalence	of	RC	
tears	in	patients	with	a	hooked	(type	III)	acromion	compared	to	individuals	with	
a	 curved	 (type	 II)	 or	 a	 flat	 (type	 I)	 acromion.	 Especially	 the	 type	 III	 Bigliani	
acromion	was	 thought	 to	 cause	mechanical	 abrasion	of	 the	RC	 (Gill	 et	 al.	2002,		
Toivonen	 et	 al.	 1995).	 In	 a	 later	 study	 entesophytes	were	 reported	 to	 be	more	




In	 support	 of	 the	 mechanical	 theory,	 Björnsson	 et	 al.	 (2010)	 reported	 that	
arthroscopic	 subacromial	decompression	seems	 to	 reduce	 the	prevalence	of	RC	
tears	 in	 patients	 with	 impingement.	 The	 association	 between	 large	 lateral	
extension	 of	 the	 acromion	 and	 RC	 tear	 is	 controversial.	 Nyffeler	 et	 al.	 (2006)	
found	 that	 a	 large	 lateral	 extension	 of	 the	 acromion	 was	 combined	 with	 full‐
thickness	RC	tears.	Similar	 finding	was	described	 later	by	Torrens	et	al.	 (2007).	
On	the	other	hand	Baechler	and	Kim	(2006)	reported	in	a	MRI	study	that	RC	tears	





2.2.2.2. Intrinsic factors  
Already	1944	Inman	et	al.	reported	that	degenerative	changes	lead	to	loss	of	the	
force	couples	and	this	further	 leads	to	translation	of	the	superior	humeral	head	
and	 impingement.	 	 The	 arterial	 supply	 to	 the	 humeral	 head	 was	 described	 by	
Laing	 (1956),	 but	 the	 vascular	 supply	 to	 the	 tendons	 remained	 unclear.	 Since	
then,	 many	 studies	 have	 focused	 on	 the	 effect	 of	 vascularity	 on	 the	 RC	 tears.	
Moseley	 and	Goldie	 (1963)	 showed	 in	 a	 cadaveric	 study	 that	 the	RC	has	 a	 rich	
vascular	bed	and	 that	 there	 is	 little	difference	between	 the	vascular	patterns	of	
newborns	 and	adults.	Nor	was	 there	evidence	 that	 the	 critical	 zone	 for	 tears	 is	
less	 vascularized	 than	 other	 parts	 of	 the	 tendinous	 cuff.	 Rathbun	 and	 Macnab	
(1970)	 studied	 the	microvascular	 pattern	 of	 the	 RC	 in	 cadavers,	 and	 reported	
that	the	vascular	bed	of	the	supraspinatus	tendon	is	radically	different	from	the	
vascular	bed	of	the	other	RC	tendons.	The	avascular	zone	near	the	insertion	of	the	
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supraspinatus	 tendon	 has	 also	 been	 described	 in	 later	 cadaveric	 and	 in	 vivo	
studies	(Biberthaler	et	al.	2003,	 	Lohr	and	Uhthoff	1990).	However,	 it	 is	unclear	
whether	 the	 hypoperfusion	 within	 this	 critical	 zone	 is,	 in	 fact,	 the	 reason	 for	
tendon	 degeneration	 and	 failure.	 Other	 studies	 have	 reported	 contradictory	
findings	 of	 the	 vascularity	 of	 the	 supraspinatus	 tendon.	 Fukuda	 et	 al.	 (1990)	
found	 that	 the	 critical	 zone	 of	 the	 tendon	 in	 partial‐thickness	 RC	 tears	 had	
relative	hyperfusion	when	 compared	 to	more	proximal	parts	 of	 the	RC	 tendon.	




Many	 studies	 have	 also	 emphasized	 that	 cellular	 changes	 in	 the	 RC,	 e.g.	
disorganization	and	 fragmentation	of	 the	architechture	of	collagen	or	abnormal	
collagen	synthesis,	 could	be	associated	with	RC	 tears	 (Goodmurphy	et	al.	2003,		
Hamada	et	al.	1994,	 	Kumagai	et	al.	1992,	 	Nirschl	1989,	 	Yuan	et	al.	2002).	The	
cellular	synthesis	of	type	III	collagen	increases	and	production	of	type	I	collagen	
reduces	as	the	RC	tendon	degenerates	(Kumagai	et	al.	1992,		Yuan	et	al.	2002).	It	
has	 been	 shown	 that	 these	 degenerative	 changes	 make	 the	 torn	 RC	 tendons	
mechanically	 weaker	 compared	 to	 normal	 tendons	 (Chaudhury	 et	 al.	 2011).	
Kannus	and	Jozsa	(1991)	demonstrated	that	degenerative	changes	were	evident	




2.2.2.3. Other factors    
 
Trauma 
A	 history	 of	 trauma	 has	 been	 reported	 to	 be	 a	 risk	 factor	 for	 RC	 tear	 both	
according	 to	 cadaveric	 and	 epidemiological	 studies	 (Fukuda	 et	 al.	 1990,		
Yamamoto	et	al.	2010).	Weiser	et	al.	(2012)	showed	in	a	radiological	study	that	
trauma	 before	 symptoms	 was	 associated	 with	 larger	 RC	 tears	 involving	 more	
often	 the	 infraspinatus	 and	 subscapularis	 tendons	 than	with	 non‐traumatic	 RC	
tears.	 Similar	 effects	 of	 trauma	 on	 RC	 tears	were	 reported	 in	 another	 study	 in	
which	 traumatic	 RC	 tears	were	 typically	 larger	 and	 involved	 the	 subscapularis	
tendon	(Mall	et	al.	2013).	However,	also	in	traumatic	tears,	the	RC	tendon	is	most	
often	 torn	 from	 the	 bone	 before	 the	 musculotendinous	 junction	 (MTJ)	 fails	
indicating	 the	degenerative	 character	 of	RC	diseases.	 In	normal	healthy	 tendon	
the	 MTJ	 is	 mechanically	 the	 weakest	 point	 of	 bone‐tendon‐muscle	 continuity	
(Noonan	 et	 al.	 1994,	 	 Tidball	 et	 al.	 1993).	 The	 relationship	 between	 minimal	
trauma	and	degenerative	RC	tear	is	unknown.	
	
RC	 tear	may	 also	 be	 due	 to	 repetitive	microtrauma,	 usually	 seen	 in	 the	 athlete	
involved	 in	 overhead	 sports	 (Blevins	 1997).	 Akbar	 et	 al.	 (2010)	 reported	 a	
tenfold	higher	risk	of	RC	tears	among	paraplegic	patients	than	age‐matched	able‐
bodied	volunteers.		
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Age 
The	 risk	 of	 RC	 tears	 is	 increased	 by	 age	 and	 advancing	 tendon	 degeneration	
(Fehringer	et	al.	2008,		Yamaguchi	et	al.	2006).	Tempelhof	et	al.	(1999)	reported	
a	prevalence	of	13%	of	RC	tears	in	asymptomatic	patients	aged	50‐59	years	and	








that	 small	 (largest	 dimension	<1cm),	 full‐thickness	RC	 tears	 are	more	 common	





Genetic factors   
Gwilym	 et	 al.	 (2009)	 investigated	 the	 genetic	 influences	 on	 RC	 tears	 by	
comparing	 the	 prevalence	 of	 RC	 tears	 in	 siblings	 and	 in	 a	 control	 population.	
They	 found	 that	genetic	 factors	do	play	a	role,	not	only	 in	 the	development	but	
also	in	the	progression	of	full‐thickness	RC	tears.	A	significantly	increased	risk	of	






carbon	 monoxide	 diminishes	 oxygen	 transport	 and	 cellular	 metabolism	 (Leow	
and	Maibach	1998,		Silverstein	1992).	It	is	hypothesized	that	these	changes	result	
in	degeneration	and	worsening	of	the	vascularity	of	the	RC	tendon	leading	to	RC	
pathology	 and	 tendon	 tear.	 Baumgarten	 et	 al.	 (2010)	 reported	 a	 strong	







and	 RC	 tears.	 RC	 tendon	 tears	 were	 associated	 with	 higher	 total	 cholesterol,	
triglycerides	 and	 low‐density	 lipoprotein	 cholesterol	 and	 lower	 high‐density	
lipoprotein	 cholesterol	 than	 healthy	 RC	 tendons.	 In	 a	 sonographic	 study	
degenerative	RC	 tears	were	more	 common	 among	diabetics	 than	 non‐diabetics	






factors	 including	mechanical	 impingement,	 relative	hypovascularity,	age‐related	
degenerative	 soft	 tissue	 changes	 and	 traumatic	 events	 are	 apparently	 involved.	













RC	 tear	 changes	 the	 muscle	 physiology,	 structure	 and	 the	 mechanics	 of	 the	
glenohumeral	 joint.	 	The	loss	of	tendon	attachment	to	bone	leads	to	decrease	in	
tension	across	the	muscle	and	sarcomer	shorthening	(Jamali	et	al.	2000).	Tendon	
tear	 induces	 early	 radial	 and	 longitudinal	 athrophy	 of	 the	muscle	 (Ward	 et	 al.	
2010).	Fatty	 infiltration	progresses	rapidly	after	RC	 tears	and	 it	 correlates	with	
the	RC	tear	size	(Kim	et	al.	2010).	However,	fatty	infiltration	of	infraspinatus	has	
been	reported	even	in	the	absence	of	an	infraspinatus	tear	if	a	supraspinatus	tear	
was	 present	 (Cheung	 et	 al.	 2011).	 It	 is	 thereby	 suggested	 that	 neuropathy	 of	
suprascapular	 nerve	 due	 to	 supraspinatus	 tear	 could	 have	 a	 role	 for	 fatty	
infiltration.	However,	according	to	a	recent	study	morphological	patterns	of	fatty	
infiltration	due	 to	suprascapular	neuropathy	are	specific	and	different	 from	the	
changes	seen	with	chronic	RC	 tears	 (Beeler	et	al.	2013).	 Isolated	supraspinatus	
tendon	 tear	 with	 normal	 function	 of	 subscapularis	 and	 infraspinatus	 does	 not	
disrupt	 transverse	 force	 couple	 affecting	 no	 changes	 in	 glenohumeral	 reaction	
forces	 compared	 to	 intact	 cuff	 (Parsons	 et	 al.	 2002).	 Tears	 enlargement	 to	
subscapularis	 or	 infraspinatus	 area	 disrupts	 the	 transverse	 force	 couple	 and	
inferior	force	vector	will	no	longer	counteract	the	pull	of	the	deltoid	muscle.	This	
leads	 to	 superior	 migration	 of	 the	 humeral	 head	 and	 will	 often	 result	 painful	
shoulder	 with	 marked	 loss	 of	 motion	 and	 strength	 (Keener	 et	 al.	 2009).	
Additional	 deltoid	 muscle	 force	 is	 needed	 to	 compensate	 for	 lost	 RC	 abductor	
forces.	 This	 further	 leads	 to	 compensatory	 adductor	 co‐activation	 of	 the	 teres	
major	muscle	ensuring	 the	stability	of	 the	glenohumeral	 joint	 (Steenbrink	et	al.	
2010).		
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2.2.4. Clinical presentation and evaluation 
The	natural	history	of	 the	RC	 tears	 is	not	 fully	known.	Yamaguchi	 et	 al.	 (2001)	
evaluated	the	natural	history	of	asymptomatic	RC	tears	over	a	5‐year	period	and	
assessed	the	risk	for	development	of	symptoms	and	tear	progression.	51%	of	the	




that	 with	 pain	 development,	 the	 size	 of	 full‐thickness	 RC	 tears	 increased	
significantly:	 18%	of	 the	 full‐thickness	 tears	 increased	>5	mm,	 and	40%	of	 the	
partial‐thickness	tears	progressed	to	full‐thickness	tears.	
	
The	 conditions	 that	 causes	 the	 conversion	 of	 an	 asymptomatic	 RC	 tear	 into	 a	
symptomatic	tear	are	not	known.	Imaging	findings	alone	do	not	allow	assessment	
of	 which	 individual	 RC	 tears	 will	 produce	 clinical	 symptoms	 and	 which	 will	
remain	 asymptomatic	 (Schibany	 et	 al.	 2004).	 It	 has	 been	 suggested	 that	 the	
location	of	the	tear,	rather	than	its	size,	plays	an	important	role	(Burkhart	1991).	
Some	 studies	 imply	 that	 the	 symptoms	 might	 be	 due	 to	 altered	 normal	
kinematics	 of	 the	 glenohumeral	 joint	 as	 the	 tear	 size	 increases	 (Keener	 et	 al.	
2009).				
	
Symptoms	 of	 RC	 tear	 include	 pain,	 weakness	 of	 the	 affected	 RC	 muscles	 and	
limitation	 of	 movement	 of	 the	 glenohumeral	 joint	 (Crusher	 2000).	 These	
symptoms	 are	 typical	 but	 not	 specific	 for	 RC	 tears.	 The	 differential	 diagnosis	
include	 the	 subacromial	 impingement	 syndrome,	 calcific	 tendinitis,	 adhesive	
capsulitis,	 osteoarthritis	 of	 the	 glenohumeral	 and	 AC	 joints,	 the	 thoracic	 outlet	
syndrome,	 cervical	 radiculopathy	 and	 proximal	 peripheral	 neuropathies	
(Fongemie	et	al.	1998,		Freehill	et	al.	2012).			
	
2.2.4.1. Clinical examination 
A	 full	 clinical	 examination	 includes	 a	 detailed	 history,	 a	 physical	 exam	 and	
conventional	 radiographs	 of	 the	 glenohumeral	 joint.	 The	 following	 need	 to	 be	
carefully	 recorded:	 	 the	main	 symptom	 (pain	 or	 functional	 deficit),	 duration	 of	
symptoms,	any	preceding	trauma	and	conservative	treatment	given.		
	
The	 physical	 examination	 includes	 inspection	 and	 palpation	 of	 the	 shoulder,	
assessment	of	the	passive	and	active	range	of	motion	(ROM)	and	the	strength	of	
the	 scapular	 muscles.	 The	 patient	 should	 be	 properly	 disrobed	 to	 permit	
complete	 inspection	 of	 the	 upper	 body.	 Posture	 of	 the	 patient,	 swelling	 or	
asymmetry	of	the	shoulder	and	atrophy	of	the	scapular	or	deltoid	muscles	must	
be	 assessed.	 	 The	 following	 structures	 should	 be	 carefully	 palpated:	 	 the	
subacromial	space,	BLHT,	AC	and	sternoclavicular	joints.	Active	and	passive	ROM	
should	 be	 tested	 and	 compared	 to	 the	 contralateral	 side.	 The	 strength	 of	 each	
scapular	 muscle	 is	 tested	 one	 by	 one	 and	 compared	 to	 the	 corresponding	
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isometric	muscle	strength	 to	 the	unaffected	side.	Functional	 impairment	due	 to	
the	pain	should	be	distinguished	from	true	muscle	weakness	(Matsen	et	al.	2006).		
	




by	Hertel	et	 al.	 (1996)	 the	external	 rotation	 lag	sign	 for	detecting	 infraspinatus	
tears	 had	 a	 high	 specificity	 (100%)	 but	 sensitivity	 was	 lower	 (70%).	 The	
presence	or	absence	of	the	dropping	and	hornblower’s	signs	of	impaired	external	
rotation	have	been	reported	to	correlate	with	Goutallier	stage	3	or	stage	4	fatty	
degeneration	of	 the	 infraspinatus	 and	 teres	minor	muscles	 (Walch	et	 al.	 1998).	
The	 hornblower’s	 sign	 is	 reportedly	 100%	 sensitive	 and	 93%	 specific	 for	










Conventional	 radiography	 is	 the	basic	 radiological	examination	of	patients	with	
shoulder	 pain	 who	 may	 have	 RC	 disease.	 The	 anteroposterior	 (AP)‐view	 is	
helpful	for	assessing	the	AC	joint,	spurring	of	the	inferior	surface	of	the	acromion,	
lateral	 tilt	of	 the	acromion	and	 the	distance	between	 the	humeral	head	and	 the	
anterior	 part	 of	 the	 acromion.	 The	 glenohumeral	 joint	 is	 best	 evaluated	 by	 the	
Grashey	projection,	 i.e.,	AP‐view	 taken	at	 an	oblique	angle	 of	 30	degrees	 in	 the	
plane	of	 the	glenoid	surface	 forearm	in	the	neutral	rotation.	The	morphology	of	
the	acromion	is	best	assessed	in	images	taken	in	the	outlet	projection.	(Anderson	
et	al.	2012).	 	Narrowing	of	 the	acromiohumeral	distance	 to	 less	 than	7	mm	has	
been	 considered	 to	 be	 a	 specific	 indicator	 of	 full‐thickness	 RC	 tears	 with	
posterior	extension	to	the	infraspinatus	(Bellumore	et	al.	1994,		Nove‐Josserand	




Ultrasonography	 (US)	 has	 been	 reported	 to	 be	 an	 accurate	 method,	 in	
experienced	hands,	for	assessing	RC	pathology	(Fotiadou	et	al.	2008,		Rutten	et	al.	
2010).	US	has	been	reported	to	be	highly	accurate	for	detecting	full‐thickness	RC	
tears,	but	 less	 sensitive	 for	detecting	partial‐thickness	RC	 tears	and	ruptures	of	
the	BLHT	(Teefey	et	al.	2000).	Other	studies	have	reported	accuracy	of	US	also	in	
partial	RC	tears	(Teefey	et	al.	2004,	Vlychou	et	al.	2009).	 In	a	meta‐analysis,	US	
and	 MRI	 were	 comparable	 in	 terms	 of	 both	 sensitivity	 and	 specificity	 when	




Computed tomography  
Goutallier	 et	 al.	 (1994)	 described	 the	 classification	 carrying	 the	 name	 of	 the	
author	 by	 examining	 the	 amount	 of	 fatty	 degeneration	 of	 the	 RC	 muscles	 on	
computed	 tomography	 (CT)	 scans.	 Since	 then	 CT	 has	 been	 largely	 used	 in	 the	
diagnostics	of	RC	disease,	especially	for	determining	the	presence	of	atrophy	and	
fatty	 infiltration	 of	 the	RC	muscles	 (Williams	 et	 al.	 2009).	 For	 evaluation	 of	RC	
pathology,	arthrography	is	needed	because	soft	tissues	are	poorly	assessed	with	
conventional	CT.	Although	CT	arthrography	is	not	used	so	widely	as	MRI,	 it	has	
some	 advantages.	 MRI	 is	 often	 contraindicated	 in	 patients	 with	 heart	
pacemakers,	 CT	 arthrography	 is	 not.	 CT	 arthrography	 is	 useful	 for	 examining	
very	 large	 or	 claustrophobic	 patients	 and	 patients	 who	 have	 undergone	 MRI	
unsuccessfully	 (Buckwalter	 2009,	 	 Fritz	 et	 al.	 2012).	 CT	 arthrography	 is	 also	




Magnetic resonance imaging   
MRI	 has	 been	 considered	 to	 be	 the	 best	 imaging	 technique	 for	 evaluating	 RC	
pathology	 (Guckel	 and	 Nidecker	 1997).	 MRI	 can	 reliable	 detect	 full‐thickness	
medium	and	 large	RC	 tears,	 but	 small	 full‐thickness	 and	partial	 tears	of	 the	RC	
are	not	as	reliable	detected	(Smith	et	al.	2012).	 In	a	meta‐analysis	of	44	studies	
including	 2751	 shoulders,	 the	 pooled	 sensitivity	 and	 specificity	 values	 for	 full‐
thickness	 RC	 tears	 were	 91%	 and	 97%,	 respectively.	 For	 partial‐thickness	 RC	
tears	 the	 values	 were	 80%	 and	 95%,	 respectively.	 Magnetic	 resonance	
arthrography	 (MRA)	 might	 nevertheless	 be	 the	 most	 sensitive	 and	 specific	
technique	 for	 diagnosing	 full‐	 and	 partial‐thickness	 RC	 tears	 (de	 Jesus	 et	 al.	
2009).	Atrophy	and	fatty	infiltration	of	the	RC	muscles	are	reliably	evaluated	with	
MRI/MRA	(Omoumi	et	al.	2012,		Rulewicz	et	al.	2013).	





planes	 and	 the	 trophic	 quality	 of	 the	 scapula	 muscles	 (Patte	 1990).	 Currently,	
with	 the	 exception	 of	 distinguishing	 partial‐thickness	 from	 full‐thickness	 RC	
tears,	 classification	 systems	 have	 little	 interobserver	 agreement	 (Kuhn	 et	 al.	
2007,		Lippe	et	al.	2012,		Slabaugh	et	al.	2012,		Spencer	et	al.	2008).				
 
Classification of partial tears 
Ellman	(1990)	and	Snyder	(2003)	independently	described	classification	systems	




Classification of full-thickness tears by tendon tear size	
Cofield	(1982)	classified	full‐thickness	tears	according	to	tear	size	(small	<1	cm,	
medium	1‐3	cm,	large	3‐5	cm,	massive	>5	cm).	Later,	Bateman's	classification	was	
introduced	 and	 was	 similarly	 based	 on	 tear	 size	 (Bayne	 and	 Bateman	 1984).	
Ellman	classified	the	full‐thickness	RC	tears	according	to	the	degree	of	retraction	







Classification of full-thickness tears according to tendon tear location 
Topographic	 classifications	 of	 RC	 tears	 were	 proposed	 by	 Patte	 (1990)(Fig.	 5)	
and	Habermeyer	 et	 al.	 (2006).	 Patte	 divided	 the	 sagittal	 plane	 into	 six	 sectors,	
Habermeyer	into	three.			
	
Classification of full-thickness tears according to muscle changes 
Goutallier	 et	 al.	 (1994)	 graded	 the	 tears	 by	muscular	 fatty	 degeneration	 of	 the	
scapular	 muscles	 into	 five	 stages	 on	 the	 basis	 of	 CT	 images	 (Fig.	 6).	 Later	
Thomazeau	 et	 al.	 (1996)	 described	 a	 3‐staged	 classification	 based	 on	
supraspinatus	muscle	 atrophy	by	MRI.	 	 Zanetti	 et	 al.	 (1998)	demonstrated	 that	
the	 tangent	 sign	 is	 a	 useful	 method	 for	 quantification	 of	 the	 degree	 of	
supraspinatus	muscle	atrophy.			
	
Classification of full-thickness tears according to size of tendon tear and 
muscle changes 
Lafosse	 et	 al.	 (2007)	 used	 on	 preoperative	 CT/MRI	 and	 intraoperative	 clinical	
evaluation	to	classify	subscapularis	tears	into	five	categories	based	on	the	extent	
of	the	tendon	tear	and	fatty	infiltration	of	the	muscle.			 	
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2.2.4.4. Scoring systems 
Many	 scoring	 systems	 have	 been	 presented,	 but	 there	 is	 still	 no	 universally	
accepted	scoring	system	of	shoulder	symptoms	and	function.	Most	of	the	scoring	
systems	are	patient‐based	self‐assessment	devices,	but	there	are	some	that	also	
include	 an	 observer‐reported	 evaluation	 of	 ROM	and	muscle	 strengths.	 	 Purely	
patient‐reported	scoring	systems	in	RC	pathology	include:	The	Disabilities	of	the	
Arm,	Shoulder,	and	Hand	questionnaire	(DASH),	the	Shoulder	Pain	and	Disability	
Index	 (SPADI),	 the	 American	 Shoulder	 and	 Elbow	 Surgeons	 Shoulder	 score	
(ASES),	 the	 Simple	 Shoulder	 Test	 (SST),	 the	 Oxford	 Shoulder	 Score	 (OSS),	 the	




(UCLA)	 are	 widely	 used	 shoulder	 scoring	 systems	 which	 include	 observer‐
reported	 evaluation	 of	 the	 shoulder	 (Constant	 and	Murley	 1987,	 	 Kirkley	 et	 al.	
2003).	 The	 Constant	 score	 correlates	 strongly	 with	 RC	 integrity	 (Flurin	 et	 al.	
2005)	 and	 this	 scoring	 system	 is	 reportedly	 suited	 for	 evaluating	 RC	 tears	
(Gilbart	and	Gerber	2007).		
	
2.3. TREATMENT OF ROTATOR CUFF TEARS 
A	torn	RC	tendon	does	not	attach	to	the	bone	spontaneously	and	a	RC	tear	may	
enlarge	 over	 time,	 and	 this	 results	 in	 tendon	 retraction,	 irreversible	 muscle	
atrophy	 and	 fatty	 infiltration	 (Tashjian	 2012).	 The	 goal	 of	 treatment	 is	 to	
eliminate	pain	and	improve	function	with	increased	shoulder	strength	and	active	





One	 prospective,	 randomized	 level	 I	 trial	 has	 been	 published	 where	
physiotherapy	 and	 operative	 treatment	 of	 RC	 tears	 has	 been	 compared	
(Moosmayer	et	 al.	2010).	The	patients	underwent	open	or	mini‐open	operative	
treatment	of	a	RC	tear	and	were	followed	up	for	one	year.	The	control	group	was	
treated	with	physiotherapy.	 	The	 result	was	 that	 the	 surgically	 treated	patients	
had	a	statistically	significantly	better	outcome	(Moosmayer	et	al.	2010).		
	
2.3.1. Conservative treatment 
Conservative	 treatment	 for	 RC	 tear	 includes	 non‐steroidal	 anti‐inflammatory	
drugs	 (NSAID),	 injections	 of	 glucocorticosteroids	 or	 hyaluronate,	 and	
physiotherapy.	The	best	programme	for	conservative	treatment	is	not	defined	by	
current	 evidence	 (Longo	 et	 al.	 2012).	 The	 aim	 of	 conservative	 treatment	 is	 to	
decrease	pain	and	regain	shoulder	 function	(Soslowsky	et	al.	1997).	NSAID	and	
subacromial	 injections	 relieve	 pain	 and	 inflammatory	 process.	 Furthermore,	
physiotherapy	 aims	 to	 improve	 range	 of	motion.	 After	 a	 full,	 painless	 range	 of	
motion	is	achieved,	training	aims	to	 improve	muscle	balance	of	the	shoulder	by	
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activating	 the	 healthy	 part	 of	 the	 RC.	 It	 has	 been	 shown	 that	 if	 the	 remaining	
anterior	and	posterior	RC	can	produce	sufficient	 force,	glenohumeral	abduction	
without	excessive	superior	translation	is	possible	also	in	large	RC	tears	(Hansen	
et	 al.	 2008).	 Only	 few	 studies,	most	 retrospective,	 have	 been	 published	 on	 the	
efficacy	 of	 conservative	 treatment	 of	 RC	 tears.	 Conservative	 treatment	 is	
associated	with	no	spontaneous	healing	and	can	lead	to	tear	progression,	muscle	
fatty	degeneration,	tendon	retraction	and	poor	tendon	mobilization	if	and	when	
operative	 treatment	 is	 decided	 on	 (Tashjian	 2012).	 Even	 though	 there	 is	 no	
current	 evidence	 supporting	 conservative	 treatment,	most	 authors	 prefer	 non‐




No	 randomized	 controlled	 trial	 has	 been	 published	 on	 physiotherapy	 in	 the	
management	of	RC	 tears.	The	characteristics	of	 an	exercise	programme	are	not	
standardized	 (Longo	 et	 al.	 2012). Ainsworth	 and	 Lewis	 (2007)	 published	 a	
systematic	 review	 on	 exercise	 therapy	 as	 conservative	 management	 of	 full	
thickness	RC	 tears.	 Ten	observational	 studies	were	 included,	 six	 trials	 involved	
physiotherapy	 in	 combination	 with	 other	 conservative	 treatments,	 four	 trials	
involved	 only	 an	 exercise	 programme.	 This	 systematic	 review	 concluded	 that	
there	is	some	evidence	to	support	the	use	of	exercise	to	manage	full	thickness	RC	
tears.	 Fucentese	 et	 al.	 (2012)	 reported	 on	 24	 nonoperatively	 treated	 patients	
with	 symptomatic,	 isolated	 full‐thickness	 supraspinatus	 tears.	 They	 reported	
high	 clinical	 patient	 satisfaction	 and	 no	 increase	 in	 the	 average	 size	 of	 the	 RC	
tears	during	3,5	years	of	follow‐up.	Kijima	et	al.	(2012)	reported	good	subjective	
results	of	conservative	 treatment	of	RC	 tears	 followed	up	 for	13	years.	 	88%	of	
the	patients	had	no	pain	or	only	slight	pain,	and	72%	were	not	disturbed	by	the	
RC	tear	in	their	activities	of	daily	life.	In	a	recent	prospective	multicenter	cohort	
study	 of	 452	 patients	 Kuhn	 et	 al.	 (2013)	 reported	 that	 physical	 therapy	 is	
effective	treatment	for	atraumatic	full‐thickness	RC	tears	for	approximately	75%	
of	patients	who	were	followed	up	for	two	years.	There	is	no	evidence	of	the	effect	
of	 electrical	 stimulation,	 laser	 therapy	 or	 ultrasound	 in	 the	 treatment	 of	 RC	
disease	(Green	et	al.	2003). 
	
2.3.1.2. Other conservative treatments 
Two	 randomized	 controlled	 trials	 have	 been	 published	 on	 the	 effect	 of	
corticosteroid	injections	to	treat	RC	tears.	Shibata	et	al.	(2001)	reported	that	the	
therapeutic	efficacy	of	sodium	hyaluronate	injected	into	the	glenohumeral	joint	is	
equivalent	 to	 corticosteroid	 injections.	 Ten	 years	 later	 Gianella	 and	 Prometti	
(2011)	reported	that	intra‐articular	triamcinolone	improves	pain	relief	for	three	
months	 and	 that	 its	 action	 was	 not	 prolonged	 or	 potentiated	 by	 two	 further	
injections	of	triamcinolone	at	21‐day	intervals.	Vecchio	et	al.	(1993)	reported	in	a	
level	 I	 study	 that	 suprascapular	nerve	block	 can	be	used	 for	 reducing	pain	and	
improving	 the	 shoulder	 movement	 of	 patients	 with	 RC	 tears.	 The	 authors	
recommended	this	treatment	because	it	can	be	carried	out	in	outpatient	settings	











patient	 affected	 negatively	 RC	 tear	 patients	 treated	 conservatively.	 These	
patients	had	also	an	association	between	fatty	infiltration	of	the	RC	muscles	and	
the	 progression	 of	 a	 RC	 tear.	 	 Bokor	 et	 al.	 (1993)	 reported	 that	 conservatively	
treated	 patients	 with	 RC	 tears	 and	 with	 symptoms	 for	 more	 than	 six	 months	
fared	 significantly	 worse	 compared	 to	 patients	 with	 a	 shorter	 duration	 of	
symptoms.	A	similar	effect	of	the	duration	of	symptoms	was	reported	in	another	
study;	here,	a	history	of	clinical	symptoms	of	more	than	one	year	was	a	negative	
prognostic	 factor	 (Bartolozzi	 et	 al.	 1994).	 	 Tanaka	 et	 al.	 (2010)	 proposed	 four	
factors	related	to	the	outcome	of	conservative	treatment:	1)	degree	of	integrity	of	
the	 intramuscular	 supraspinatus	 tendon;	 2)	 degree	 of	 supraspinatus	 muscle	
atrophy;	3)	impingement	sign	and	4)	external	rotation	angle.		
	
2.3.2. Operative treatment 
The	 goal	 of	 the	 operative	 treatment	 is	 to	 attach	 the	 tendon	 back	 to	 the	 bone	
footprint	 area	 where	 it	 tore	 off.	 Most	 of	 the	 current	 knowledge	 of	 the	 tendon	
healing	 is	 based	 on	 the	 animal	 studies	 and	 there	 is	 no	 clear	 evidence	 of	 the	
capability	 of	 the	 torn	 RC	 tendon	 to	 heal.	 In	 acute	 injuries	 the	 tendon	 healing	
occurs	 in	 three	 overlapping	 phases	 (inflammatory	 stage	 –	 remodeling	 stage	 –	
modeling	 stage)	 (Sharma	 and	Maffulli	 2006).	 However,	 in	 degenerative	 tendon	
tears	the	healing	is	disordered	and	inflammation	is	not	typically	seen.		It	has	been	
reported	 that	 there	 is	 significant	 cellular	 changes	as	RC	 tear	 size	 increases	 and	
reparative	 reponse	 to	 healing	 in	 larger	 sized	 tears	 is	 diminished	 compared	 to	
small‐	and	medium‐sized	 tears	 (Matthews	et	al.	2006).	 In	complete	 rotator	cuff	
tears	 there	 is	 a	marked	 increase	 in	 vascular	 channels	 derived	mainly	 from	 the	
bursal	 wall	 indicating	 extrinsic	 healing	 mechanism	 of	 RC	 tendon	 (Uhthoff	 and	
Sarkar	1991).	
	
2.3.2.1. Operative techniques  
RC	tears	have	been	operated	on	1911	(Codman	1911).	Neer	later	developed	the	
current	 surgical	 technique	 and	was	 the	 first	 to	 use	 acromioplasty	 to	 repair	 RC	
tears	 (Yamaguchi	 et	 al.	 2003).	Open	 surgery	 is	 performed	 releasing	 the	 deltoid	
muscle	from	anterior	acromion	and	the	torn	tendon	is	fixed	with	sutures	passing	
through	 bony	 tunnels	 or	 with	 suture	 anchors.	 After	 repairing	 the	 tendon	 the	
deltoid	muscle	 is	 reattached	 to	 the	 acromion.	Open	RC	 repair	provides	good	 to	
excellent	outcomes	in	terms	of	functional	improvement	(75‐95%	of	patients)	and	
pain	relief	(85‐100%)	(Aleem	and	Brophy	2012).  
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The	mini‐open,	 arthroscopy‐assisted	 approach	 to	RC	 repair	was	 first	 described	
by	Levy	et	al.	(1990).	In	this	technique	subacromial	decompression	is	performed	
arthroscopically	 without	 deltoid	 takedown.	 In	 addition	 to	 subacromial	
debridement	 and	 acromioplasty,	 RC	 mobilization	 and	 anchor	 placement	 are	






1990	 (Wolf	 et	 al.	 2004).	 Since	 then,	 improved	 arthroscopic	 techniques	 and	
implants	have	rapidly	increased	the	number	of	RC	repairs	during	the	last	decades	
(Colvin	 et	 al.	 2012).	 In	 arthroscopic	 technique	 all	 the	 procedure	 is	 performed	










Open vs. mini-open repair 
A	 level	 I	 randomized	 clinical	 trial	 resulted	 in	 no	 outcome	 differences	 between	
open	and	mini‐open	procedures	at	one	and	two	years	after	surgery	(Mohtadi	et	
al.	 2008).	 Similar	 outcomes	 were	 reported	 in	 a	 retrospective	 cohort	 study	
comparing	open	and	mini‐open	repair	with	two	years	of	follow‐up	(Baker	and	Liu	
1995).	In	another	retrospective	cohort	study	the	open	procedure	was	associated	
with	more	postoperative	 atrophy	of	 the	deltoid	muscle	 and	delayed	 recovering	
than	the	mini‐open	procedure	(Hata	et	al.	2004).		In	addition	to,	possibly,	swifter	
recovery	 after	 operation,	 mini‐open	 procedures	 have	 the	 added	 advantages	
compared	 to	 open	 repairs	 that	 the	 deltoid	muscle	 is	 not	 taken	 down	 from	 the	




Mini-open vs. arthroscopic repair 
A	comprehensive	review	and	meta‐analysis	of	five	studies	found	no	difference	in	
functional	 outcome	 scores	 or	 complications	 between	 patients	 who	 had	
undergone	arthroscopic	or	mini‐open	repair	of	a	RC	tear	(Morse	et	al.	2008).	In	a	
recent	level	II	randomized	trial	study	with	100	patients,	functional	outcome	and	
complications	 did	 not	 significantly	 differ	 between	 patients	 treated	 with	
arthroscopic	 vs.	mini‐open	 repair.	 However,	 patients	 treated	with	 arthroscopic	
method	 recovered	more	 quickly	 (van	 der	 Zwaal	 et	 al.	 2013).	 Compared	 to	 the	





Open vs. arthroscopic repair 









Single vs. double row fixation 
A	torn	tendon	can	be	attached	with	suture	anchors	or	transosseous	sutures	to	the	
lateral	 aspect	 of	 the	 footprint	 of	 the	 humerus	 (single	 row)	 or	 using	 additional	
medial	 anchors	 close	 to	 the	 articular	margin	 of	 the	 glenohumeral	 joint	 (double	
row).	Double	row	fixation	has	been	reported	to	be	biomechanically	more	robust	
than	single	row	fixation	(Kim	et	al.	2006,		Waltrip	et	al.	2003),	but	clinical	studies	
have	 been	 less	 convincing	 of	 advantages	 of	 double	 row	 fixation.	 There	 are	 six	










2.3.2.2. Concomitant procedures  
 
Acromioplasty 
The	 benefits	 of	 acromioplasty	 are	 believed	 to	 be	 due	 to	 reduced	 extrinsic	
compression	on	 the	RC,	 improved	arthroscopic	 visualization	and	 induction	of	 a	
healing	response	through	bleeding	bone	tissue	in	the	subacromial	space	(Shi	and	
Edwards	 2012).	 Packer	 et	 al.	 (1983)	 reported	 that	 operative	 repair	 of	 the	
chronically	 torn	 RC	 should	 always	 include	 adequate	 decompression	 of	 the	
subacromial	 space.	 In	 recent	 years,	 however,	 the	 role	 of	 acromioplasty	 in	
connection	 with	 RC	 reconstruction	 has	 been	 debated.	 There	 are	 three	
prospective,	 randomized	 level	 I	 studies	 on	 the	 effect	 of	 acromioplasty	 on	
treatment	outcome	after	 arthroscopic	RC	 repair.	The	 first	 study	 concluded	 that	
arthroscopic	 subacromial	 decompression	 does	 not	 appear	 to	 change	 the	
functional	 outcome	after	RC	 repair	within	15	months	 follow‐up	 (Gartsman	 and	
O'Connor	D	2004).	Two	year	follow‐up	studies	did	not	find	differences	in	clinical	
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outcomes	 after	 RC	 repair	 with	 or	 without	 acromioplasty	 (Milano	 et	 al.	 2007,	
MacDonald	et	al.	2011).	 	On	the	other	hand,	a	13‐year	 follow‐up	study	of	small,	
full‐thickness	 RC	 tears	 showed	 good	 results	 after	 arthroscopic	 subacromial	
decompression	without	RC	repair	(Norlin	and	Adolfsson	2008).	
 
Biceps- and AC-procedures 
A	 RC	 tear	 is	 often	 associated	 with	 BLHT	 pathology	 or	 painful	 AC	 joint	
osteoarthritis	(Beall	et	al.	2003,		Boileau	et	al.	2007,		Brown	et	al.	2000,		Chen	et	
al.	2005,		Murthi	et	al.	2000,		Namdari	et	al.	2008).	These	pathologies	may	require	
specific	 procedures	 when	 a	 RC	 tear	 is	 being	 operated	 on	 and	 such	 associated	
procedures	may	affect	the	overall	treatment	outcome.		Although	BLHT	tenotomy	
and	 tenodesis	 have	 been	 reported	 as	 effective	 procedures	 to	 manage	 BLHT	
pathology	in	conjunction	with	RC	reconstruction	(De	Carli	et	al.	2012),	the	effect	
of	 concomitant	 BHLT	 procedures	 on	 the	 outcome	 of	 surgical	 RC	 repair	 is	
controversial.	Tenodesis	has	some	theoretical	advantages	over	tenotomy	(Ahmad	
and	 ElAttrache	 2003).	 	 Although	 there	 is	 a	 lack	 of	 high‐quality	 evidence	 to	
advocate	 one	 BLHT	 procedure	 over	 the	 other,	 a	 review	 article	 by	 Frost	 et	 al.	
(2009)	proposes	BLHT	tenotomy	as	the	preferred	method.	A	prospective	cohort	
study	of	tenotomy	versus	tenodesis	in	association	with	RC	repair	reported	less	of	





RC	 tendon	 defects	 was	 11,4‐fold	 among	 the	 patients	 who	 underwent	 BLHT	
tenotomy	 or	 tenodesis	 compared	 to	 the	 patients	who	 had	 no	 BLHT	 pathology.	





scores	 (Nho	 et	 al.	 2009).	 Gulotta	 et	 al. (2011)	 involved	 193	 patients	 in	 a	
prospective	 five‐year	 study	 to	 evaluate	 the	 prognostic	 factors	 affecting	 clinical	




2.3.2.3. Postoperative rehabilitation   
Seven	prospective	 randomized	 clinical	 trials	have	evaluated	 rehabilitation	after	
RC	 repair.	 Both	 continuous	 passive	 motion	 and	 manual	 passive	 ROM	 home	
exercises	 yielded	 favorable	 results	 (Lastayo	 et	 al.	 1998).	 The	 outcomes	 were	
equal	 in	 standardized	 home	 exercise	 regimen	 conveyed	 either	 by	 videotaped	
instructions	 or	 by	 personal	 instruction	 by	 a	 physical	 therapists	 (Roddey	 et	 al.	
2002).	 There	 was	 neither	 difference	 in	 outcomes	 between	 individualized	
supervised	 physiotherapy	 and	 a	 standardized,	 unsupervised	 home	 exercise	
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regimen	(Hayes	et	al.	2004).	Specific,	progressive	muscle	activation	exercises	did	
not	 affect	 to	 clinical	 outcome	 (Klintberg	 et	 al.	 2009).	 Two	 studies	 found	 no	
difference	 in	 clinical	 outcomes	 when	 comparing	 early	 versus	 delayed	 passive	
motion	exercises	 (Cuff	and	Pupello	2012,	 	Kim	et	al.	2012).	One	study	reported	
that	 functional	 results	 were	 better	 in	 the	 patients	 with	 early	 passive	 motion	
compared	 to	 patients	 treated	 with	 postoperative	 immobilization	 for	 six	 weeks	
(Arndt	et	al.	2012). 
	
2.3.2.4. Structural and functional outcome 
The	goal	of	operative	treatment	of	RC	tears	is	complete	structural	and	functional	
healing	 of	 the	 attached	 tendon.	 However,	 re‐tears	 after	 RC	 repair	 are	 quite	
common	 (Randelli	 et	 al.	 2012).	 A	 prospective	multi‐institutional	 imaging	 study	
showed	 that	 95%	 of	 the	 re‐tears	 were	 diagnosed	 within	 26	 weeks	 after	 the	
arthroscopic	 repair	 (Iannotti	 et	 al.	 2013).	 This	 probably	 means	 failed	 tendon	
healing	 rather	 than	 re‐tear.	The	effect	of	 a	 re‐tear	on	 the	 functional	outcome	 is	
controversial.	Many	authors	have	reported	that	the	clinical	outcome	is	associated	






210	 shoulders	 underwent	 arthroscopic	 RC	 repair	 with	 double‐row	 fixation	




other	authors,	as	well	 (Anderson	et	al.	2006,	 	Boileau	et	al.	2005,	 	Sugaya	et	al.	
2007).	
	






Slabaugh	 et	 al.	 (2010)	 published	 a	 systematic	 review	 about	 the	 association	
between	radiological	healing	of	the	RC	and	clinical	outcome.	They	concluded	that	
there	 are	 probably	 some	 important	 differences	 in	 clinical	 outcomes	 between	
patients	 with	 healed	 and	 nonhealed	 RC	 repairs.	 Further	 studies	 are	 needed	 to	
establish	this	difference.	
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The	 age	of	 the	patient	 as	 a	prognostic	 factor	 for	 both	 structural	 and	 functional	
outcome	has	been	reported	by	many	authors.	In	a	prospective	study	Prasad	et	al.	
(2005)	reported	that	older	patients	benefit	from	open	RC	repair,	but	not	as	much	
as	 younger	 patients.	 RC	 structural	 healing	 after	 arthroscopic	 repair	 is	
significantly	poorer	among	patients	over	65	years	than	among	younger	patients	
(Boileau	 et	 al.	 2005,	 	 Lichtenberg	 et	 al.	 2006).	 Other	 studies	 have	 found	 the	
negative	effect	of	 increasing	age	on	both	structural	and	 functional	healing	after	
arthroscopic	RC	repair	(Cole	et	al.	2007,		DeFranco	et	al.	2007).	In	a	recent	study	









(Cole	et	al.	2007).	Tashjian	et	al.	 (2010)	reported	a	 significant	difference	 in	 the	
healing	rates	between	single‐tendon	(67%)	and	multi‐tendon	tears	(36%).		Wu	et	
al.	(2012)	stated	that	the	size	of	the	tear	before	operation	is	the	best	predictor	of	






Fatty infiltration and muscle atrophy 





muscles	 are	 not	 reversible,	 not	 even	 in	 the	 patients	 with	 an	 intact	 repair.	 In	
support	of	 the	concept	of	 irreversible	RC	muscle	changes,	a	study	reported	that	
there	 was	 no	 functional	 improvement	 after	 open	 RC	 repair	 in	 patients	 with	
Review of the Literature 
34	
infraspinatus	 fatty	 infiltration	 of	 Goutallier	 stage	 3	 or	 4	 (Mellado	 et	 al.	 2005).		
Irreversible	muscle	atrophy	and	accumulation	of	fat	into	the	RC	muscles	was	also	
reported	 by	 Liem	 et	 al.	 (2007),	 who	 also	 concluded	 that	 higher	 degrees	 of	
muscular	atrophy	and	fatty	 infiltration	before	the	operation	are	associated	with	
recurrence	of	the	tear	as	well	as	progression	of	the	fatty	infiltration	and	muscular	
atrophy,	 yielding	 ultimately	 an	 inferior	 clinical	 result.	 Gladstone	 et	 al.	 (2007)	
reported	a	 similar	negative	effect	of	muscle	atrophy	and	 fatty	 infiltration	on	1)	
clinical	outcome,	2)	progression	of	muscle	degeneration	in	failed	repairs	and	3)	
irreversibility	 of	 muscle	 degeneration	 despite	 successful	 repair	 of	 the	 RC	
muscles.	Nich	et	al.	(2009)	found	that	if	the	supraspinatus	tendon	healed,	atrophy	
of	 the	 supraspinatus	muscle	never	worsened.	 	However,	 fatty	 infiltration	of	 the	








Duration of symptoms 
The	 effect	 of	 the	 duration	 of	 the	 preoperative	 symptoms	 on	 final	 treatment	
outcome	 is	not	 fully	known.	According	 to	Vastamäki	 (1986),	an	operative	delay	
affects	 treatment	 outcome	 while	 Björkenheim	 et	 al.	 (1988)	 claimed	 that	 the	
duration	of	 the	symptoms	before	 the	operation	have	only	 little	predictive	value	
with	 regards	 to	 the	 final	 treatment	 outcome	 after	 open	 RC	 repair.	 Patel	 et	 al.	
(1999)	 reported	 that	 the	 duration	 of	 symptoms	 before	 surgery	 was	 the	 most	
significant	 predictor	 of	 outcome	 in	 partial	 RC	 tears	 treated	 arthroscopically	 by	
acromioplasty.	 In	a	recent	study	of	305	non‐traumatic	RC	tears,	 the	duration	of	
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Smoking 
Carbon	 monoxide	 reduces	 cellular	 oxygen	 tension	 level	 causing	 tendinous	
degeneration	 and	 a	 risk	 for	 re‐tearing	 of	 RC	 (Mosely	 and	 Finseth	 1977).	 It	 has	
been	 shown	 in	 an	 animal	 model	 that	 nicotine	 delays	 tendon‐to‐bone	 healing	
(Galatz	 et	 al.	 2006).	 Nicotine	 weakened	 mechanical	 properties	 of	 the	
supraspinatus	 tendon.	 Histologically	 there	 was	 more	 inflammation	 whereas	
vascular	 and	 fibroblast	 proliferation	 was	 lower	 in	 rats	 exposed	 to	 nicotine	
following	 RC	 repair.	 Furthermore,	 cell	 density,	 cellular	 proliferation	 and	 type	 I	
collagen	 expression	were	 lower	 in	 rats	 exposed	 to	 nicotine.	 In	 a	 clinical	 study	






Different	 factors	 have	 been	 suggested	 as	 possible	 causes	 for	 stiff	 shoulder	
accompanying	RC	tear,	however	the	exact	etiology	is	unknown	(Seo	et	al.	2012).	
Morever,	stiffness	may	be	result	of	associated	osteoarthritis	of	the	glenohumeral	
joint	 (Weinstein	 et	 al.	 2000).	 Regardless	 of	 etiology	 there	 is	 controversy	 about	
the	 effect	 of	 preoperative	 stiffness	 on	 the	 postoperative	 stiffness	 and	 outcome.	
Trenerry	et	al.	(2005)	reported	that	preoperative	restriction	of	the	hand‐behind‐
the‐back	motion	was	 the	best	predictor	of	 shoulder	stiffness	after	RC	repair.	 In	
another	 study,	 active	 abduction	<90	degrees	 of	 the	 upper	 extremity	 before	 the	
operation	 was	 associated	 with	 worse	 clinical	 outcome	 than	 if	 the	 degree	 of	
abduction	was	bigger	 (Pai	 and	Lawson	2001).	 	 Cho	and	Rhee	 (2008)	evaluated	
the	 functional	 outcome	 after	 arthroscopic	 RC	 repair	 with	 concomitant	





compared	 the	 functional	 outcomes	 with	 and	 without	 capsular	 release	 in	
arthroscopic	treatment	of	RC	tears	with	stiff	shoulder.	They	concluded	that	both	
methods	 produced	 overall	 satisfactory	 results,	 but	 more	 rapid	 recovery	 and	






effects	 were	 less	 pronounced	 than	 among	 their	 non‐diabetic	 counterparts.	
Similar	 results	 were	 reported	 in	 another	 cohort	 study	 by	 Dhar	 et	 al.	 (2013).		
Arthroscopic	 RC	 repair	 in	 patients	 with	 diabetes	 mellitus	 improved	 the	
postoperative	ROM	and	function,	but	 the	postoperative	ROM	and	clinical	scores	
were	 poorer	 than	 for	 non‐diabetics.	 Boissonnault	 et	 al.	 (2007)	 reported	 that	 a	
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higher	 number	 of	 comorbidities	 had	 a	 negative	 effect	 on	 general	 health	 status	




Pending	 worker’s	 compensation	 claims	 seem	 to	 affect	 negatively	 treatment	
outcomes	after	RC	repair	(Balyk	et	al.	2008,	Oh	et	al.	2007).		
	
2.3.2.6. Complications  
Randelli	 et	 al.	 (2012)	 published	 a	 review	 article	 including	 56	 level	 I‐IV	 clinical	
studies	 and	 reported	 on	 the	 complications	 associated	 with	 arthroscopic	 RC	
repair.	They	found	414	complications	in	2890	patients.	Re‐tearing	of	the	RC	(re‐
tear	 rate	 11,4–94,0%)	 was	 the	 most	 frequent	 complication.	 The	 highest	 re‐
rupture	rate	occurred	in	a	series	of	18	patients	with	massive	RC	tears.	The	lowest	
tear	rate	was	found	in	a	group	of	patients	with	either	an	isolated	supraspinatus	
tear	 or	 a	 combination	 of	 supraspinatus	 and	 infraspinatus	 tears	 repaired	 with	
double‐row	anchorage.	The	re‐rupture	rate	after	repaired	isolated	supraspinatus	
tendon	 tears	 varied	 from	24,5	 to	 40,0%.	 Stiffness	was	 reported	 in	 2,6%	 of	 the	
patients	 (range	 1,5‐11,0%).	 Hardware	 complications	 occurred	 in	 0,4%	 of	 the	











unable	 to	mobilize	 the	 tendon	 to	 the	 anatomic	 humeral	 footprint	 and/or	 if	 the	
tendon	 is	 unable	 to	 heal	 because	 of	 bad	 tissue	 quality	 due	 to	 muscle	 fatty	
infiltration	(Kim	et	al.	2012,		Meyer	et	al.	2012).	
 
2.3.3.1. Conservative treatment 
Ainswort	 (2006)	 reported	 the	 effect	 of	 physiotherapeutic	 rehabilitation	 in	 a	
series	of	only	10	patiens	with	massive	irreparable	RC	tears.	All	patients	improved	
over	the	three‐month	period	in	terms	of	pain	and	function.	Satisfactory	shoulder	
function	 was	 described	 by	 Zingg	 et	 al.	 (2007)	 in	 patients	 with	 conservatively	
treated	 massive	 RC	 tears	 during	 four	 years	 of	 follow‐up.	 Levy	 et	 al.	 (2008)	
pointed	out	 the	 important	role	of	anterior	deltoid	re‐education	 in	patients	with	
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2.3.3.2. Operative treatment  
 
Debridement and subacromial decompression 
Arthroscopic	 debridement	 and	 decompression	 of	 massive	 and	 irreparable	 RC	
tears	have	given	good	results	in	terms	of	pain	relief	(Burkhart	1991).	Functional	
recovery,	 on	 the	 other	 hand,	 is	 debatable.	 Ellman	 et	 al.	 (1993)	 noted	 that	
although	 patients	 with	 massive	 and	 irreparable	 RC	 tears	 treated	 with	
debridement	 got	 relief	 for	 their	 pain,	 upper	 extremity	 strength	 and	ROM	were	
not	 regained.	 In	 another	 study	 there	 was	 improved	 function	 but	 decreased	
strength	 as	 compared	 with	 the	 situation	 before	 surgery	 (Gartsman	 1997).	
Rockwood	et	al.	(1995)	reported	in	over	6,5	years	of	 follow‐up	improvement	in	
pain,	 function,	 ROM	 and	 strength	 in	 shoulders	 with	 irreparable	 RC	 tears	
undergoing	 open	 acromioplasty	 and	 debridement.	 	 In	 this	 study,	 results	 were	
unsatisfactory	 in	 shoulders	with	 a	 weak	 or	 absent	 anterior	 part	 of	 the	 deltoid	




Biceps tenotomy and tenodesis  
The	 function	 and	 role	 of	 BLHT	 in	 the	 setting	 of	 irreparable	 RC	 tears	 is	
controversial.	 Klinger	 et	 al.	 (2005)	 compared	 debridement	 alone	 with	 a	
combined	 procedure	 involving	 biceps	 tenotomy	 in	 shoulders	 with	 massive	
irreparable	 RC	 tears.	 They	 found	 that	 BLHT	 tenotomy	 did	 not	 significantly	
influence	the	postoperative	results	by	the	time	of	the	latest	follow‐up.	Boileau	et	
al.	 (2007)	 reported	 that	 both	 arthroscopic	 biceps	 tenotomy	 and	 tenodesis	 can	
effectively	 treat	 severe	 pain	 or	 dysfunction	 caused	 by	 an	 irreparable	 RC	 tear	
associated	with	a	biceps	 lesion.	A	multicenter	 study	of	210	RC	 tears	 treated	by	
arthroscopic	acromioplasty	demonstrated	 that	BLHT	tenotomy	was	particularly	
effective	 for	massive	RC	tears	(Kempf	et	al.	1999).	Walch	et	al.	 (2005)	reported	
the	 results	 of	 307	 BLHT	 tenotomies	 performed	 in	 patients	 with	 massive	
irreparable	 RC	 tears	 or	 in	 patients	 who	 were	 not	 willing	 to	 participate	 in	 the	
rehabilitation	 required	 after	 RC	 repair.	 	 They	 found	 that	 arthroscopic	 biceps	
tenotomy	 yields	 favorable	 objective	 results	 and	 high	 patient	 satisfaction	 in	




The	 aim	 of	 the	 partial	 repair	 of	 irreparable	 RC	 tears	 is	 to	 restore	 the	 stable	
fulcrum	 and	 transverse	 plane	 force	 couple	 (SC‐IFSP)	 of	 the	 glenohumeral	 joint	
(Burkhart	1997).	In	massive	RC	tears	involvement	of	subscapularis	tendon	is	less	
common	 than	 infraspinatus	 tendon	 lesions.	Therefore,	 the	crucial	point	 is	often	
isolated	 repair	 of	 the	 infraspinatus	 tendon	 which	 can	 significantly	 improve	
shoulder	 function	 (Oh	 et	 al.	 2012).	Duralde	 and	Bair	 (2005)	 reported	 	 good	or	
excellent	results	in	67%	of	the	patients	and	92%	were	satisfied	with	the	result	at	









in	 posterosuperior	 tears	 (Donaldson	 et	 al.	 2011,	 	 Gerber	 et	 al.	 2006)	 and	 the	
pectoralis	major	 in	 anterosuperior	 tears	 (Lederer	 et	 al.	 2011).	 In	 a	 systematic	
review	of	ten	studies,	Namdari	et	al.	(2012)	reported	significant	improvement	in	
the	Constant	 score	during	a	mean	 follow‐up	 time	of	46	months	after	 latissimus	
dorsi	 transfer.	Subscapularis	muscle	 insufficiency,	advanced	teres	minor	muscle	
atrophy	 and	 a	 need	 for	 revision	 surgery	were	 associated	with	 poor	 functional	
outcomes	 in	 some	 of	 the	 ten	 studies.	 	 Satisfactory	 results	 have	 been	 reported	
after	pectoralis	major	 transfer	 in	patients	with	 isolated	 irreparable	 tears	of	 the	
subscapularis	 (Jost	et	al.	2003,	 	Resch	et	al.	2000,	 	Wirth	and	Rockwood	1997).	
There	 is	 a	 lack	 of	 outcome	 data	 on	 pectoralis	 major	 transfers	 for	 massive	
anterosuperior	RC	tears	(Neri	et	al.	2009). 
	
Reverse shoulder arthroplasty  
A	reverse	shoulder	arthroplasty	can	provide	predictable	pain	relief	and	return	of	
function	 for	 patients	 with	 RC	 arthropathy	 and/or	 painful	 pseudoparalysis.	
However,	 reverse	 shoulder	 arthroplasty	 is	 associated	with	 a	 substantial	 risk	 of	
complications	 (Bedi	 et	 al.	 2010).	 Werner	 et	 al.	 (2005)	 reported	 significant	
improvement	 in	 Constant	 scores	 in	 58	 patients	 treated	 with	 reverse	 shoulder	
arthroplasty	 for	RC	arthropathy.	However,	 the	 complication	 rate	was	50%,	 and	
33%	of	the	patients	required	a	revision	procedure.	Mulieri	et	al.	(2010)	reported	
that	 reverse	 shoulder	 arthroplasty	 provides	 reliable	 pain	 relief	 and	 return	 of	
shoulder	function	in	patients	without	osteoarthritis	in	the	glenohumeral	joint	but	
with	massive	 irreparable	 RC	 tears.	 	 Naveed	 et	 al.	 (2011)	 reported	 the	 short	 to	
medium	term	results	of	the	Delta	III	reverse	arthroplasty	in	a	consecutive	series	
of	 patients	 with	 a	 total	 of	 50	 shoulders	 with	 painful	 pseudoparalysis	 due	 to	
irreparable	 RC	 tears	 and	 osteoarthritis.	 They	 found	 that	 patient	 satisfaction,	
freedom	 from	 pain,	 improvement	 in	 activities	 of	 daily	 living	 and	 functional	





Aims of the Study 
39	
3. AIMS OF THE STUDY 
	







2.	 To	 study	 the	 effect	 of	 tear	 size	 on	 treatment	 outcome	 of	 operatively	 treated	
rotator	cuff	tears	(II).	
	
3.	 To	 assess	 the	 effect	 of	 smoking	 on	 the	 treatment	 outcome	 of	 operatively	
treated	rotator	cuff	tears	(III).	
	
4.	 To	 study	 the	 effect	 of	 pre‐	 and	 peroperatively	 detected	 glenohumeral	
osteoarthritis	 on	 the	 treatment	 outcome	 of	 operatively	 treated	 supraspinatus	
tears	(IV).		
	
5.	 To	 investigate	 the	 effect	 of	 three	 treatment	 modalities	 on	 the	 outcome	 of	
degenerative			supraspinatus	tears	in	elderly	patients	in	a	randomized	controlled	
study	design		(V).		
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Studies	 I‐IV	 are	 retrospective	 studies	 of	 prospectively	 collected	 cohorts	 of	
consecutively	 operated	 RC	 tear	 patients	 in	 the	 Turku	 University	 Hospital.	 	 All	
patients	 were	 treated	 because	 of	 a	 symptomatic	 RC	 tear.	 	 The	 indication	 for	
operative	 treatment	 of	 the	 RC	 tear	 was	 a	 clinical	 suspicion	 of	 a	 RC	 tear	 with	
typical	 symptoms	 of	 pain	 and	 functional	 weakness	 assessed	 clinically.	
Contraindications	included	cuff	tear	arthropathy,	severe	osteoarthritis	(Kellgren‐
Lawrance	(K‐L)	grade	III	or	above)	with	clearly	visible	osteophytes,	drug	abuse,	
severe	 internal	 disease	 contraindicating	 general	 anesthesia	 and	 patient	 refusal.	
Study	 I	 included	 patients	 with	 partial	 or	 full‐thickness	 RC	 tears.	 Studies	 II‐III	
included	full‐thickness	RC	tears.	Male	patients	with	an	intraoperatively	detected	
full‐thickness,	 5–25	 mm	 (AP	 dimension)	 supraspinatus	 tendon	 tear	 were	
included	 in	study	IV.	 Institutional	approval	was	obtained	 for	all	studies.	Patient	




Study	 V	 is	 a	 prospective,	 randomized	 level	 I	 multicenter	 study	 with	 patients	
treated	 in	 the	 Turku	 University	 Hospital,	 Kuopio	 University	 Hospital	 and	 the	
Hatanpää	Hospital	in	Tampere.	The	inclusion	criteria	were	a	patient	age	over	55	
years,	 atraumatic	 symptomatic	 supraspinatus	 tendon	 tear	 comprising	 less	 than	
¾	 of	 the	 tendon	 insertion	 by	 MRI,	 full	 range	 of	 motion	 of	 the	 shoulder	 and	
written	 informed	 consent.	 The	 exclusion	 criteria	 were	 stiffness	 and/or	
osteoarthritis	(K‐L	grade	II	or	above)	of	the	glenohumeral	 joint,	severe	internal,	
rheumatoid	 or	 malignant	 diseases,	 cytostatic	 or	 corticosteroid	 medication,	
alcoholism,	 drug	 abuse,	 severe	 psychiatric	 illness	 and	 previous	 surgery	 on	 the	
same	 shoulder.	 All	 eligible	 patients	were	 invited	 to	 participate	 in	 the	 trial.	 The	
patients	 were	 sequentially	 recruited	 from	 the	 referrals	 from	 the	 three	
participating	hospitals.	The	 interventions	were	explained	to	patients	and	 it	was	
stated	 that	 the	 treatments	are,	 as	 far	as	known,	of	 similar	 effect	 and	no	known	
differences	in	outcome.	Patients	were	informed	that	they	could	consider	crossing	
over	to	RC	repair,	if	adequate	relief	of	symptoms	was	not	achieved	by	six	months	
after	 the	 allocated	 intervention.	 After	 informed	 consent	 the	 patients	 (180	
shoulders)	 were	 randomized	 into	 one	 of	 the	 three	 treatment	 groups	
(physiotherapy	 (Group	 1),	 acromioplasty	 +	 physiotherapy	 (Group	 2)	 and	 RC	
repair	 +	 acromioplasty	 +	 physiotherapy	 (Group	 3))	 using	 opaque,	 sealed	
envelopes.	The	patient	was	openly	 informed	of	 the	allocated	 intervention.	After	
enrollment,	 treatment	 commenced	within	 one	month.	 	 The	 study	 protocol	was	
approved	by	the	Ethics	Committee	of	 the	Hospital	District	of	Southwest	Finland	
and	 it	was	 registered	 at	www.clinicaltrials.gov.	 Patient	 data	 before,	 during	 and	
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after	 the	 operation	 was	 collected	 and	 saved	 in	 a	 structured	 electronic	 patient	
























I	 306	 8,8%	 279	(118/161)	 58	(range	26‐80)	 2007‐2008	
II	 576	 1,2%	 569	(225/344)	 60	(range	22‐83)	 2007‐2010	
III	 576	 2,1%	 564	(223/341)	 60	(range	22‐83)	 2007‐2010	
IV	 85	 3,5%	 82	(‐/82)	 58	(range	27‐79)	 2007‐2009	




Definition of traumatic and non-traumatic rotator cuff tears (Study I) 
The	 classification	 of	 the	 etiology	 of	 RC	 ruptures	 (traumatic	 vs.	 non‐traumatic)	
was	based	entirely	on	the	patient	history	and	mechanism	of	injury.	In	case	of	an	
obvious	trauma	at	the	onset	of	symptoms,	the	rupture	was	regarded	as	traumatic	
and	 the	mechanism	was	 recorded.	 If	 the	patient	 could	not	 recall	 any	 traumatic	
event	 relating	 to	 the	 onset	 of	 symptoms,	 the	RC	 rupture	was	 regarded	 as	 non‐
traumatic.		
 
Smoking habits (Study III) 
Patients	 were	 interviewed	 for	 their	 smoking	 habits	 before	 and	 after	 the	
operation.	 Daily	 tobacco	 consumption	 and	 duration	 of	 consumption	 were	
recorded	as	pack‐years	(1	pack‐year	=	1	pack	of	cigarettes	per	day	for	1	year).	All	
smokers	 were	 actively	 encouraged	 to	 quit	 smoking	 in	 order	 to	 enhance	
postoperative	 healing	 and	 convalescence.	 Patients	 were	 grouped	 according	 to	
their	 smoking	 status	 into	 non‐smokers	 and	 smokers.	 	 Patients	 who	 had	 quit	
smoking	 altogether	 as	 instructed	 after	 the	 operation	 were	 also	 recorded	 as	
separate	subgroup.		
	
Evaluation of the glenohumeral osteoarthritis (Study IV) 
The	 grade	 of	 osteoarthritis	 was	 estimated	 from	 preoperative,	 standardized	
shoulder	 radiographs	 taken	 from	 the	 anteroposterior	 position	 and	 30	 degrees	
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were	 evaluated	 peroperatively	 and	 classified	 by	 the	 surgeon	 according	 to	 the	
Outerbridge	classification	(Outerbridge	and	Dunlop	1975).	
 




Imaging procedures  
In	 studies	 I‐IV	 radiography	 was	 performed	 in	 all	 patients	 and	 MRI/MRA	 only	
when	clinically	indicated.	In	study	V,	MRI	was	performed	on	all	patients.	
 
Operative treatment  
All	 operations	were	 performed	 in	 a	 similar	 fashion,	 arthroscopically	 in	 general	
anesthesia	with	 the	patient	 in	 the	 lateral	decubitus	 (Turku	University	Hospital)	
or	beach	chair	(Kuopio	University	Hospital	and	Hatanpää	Hospital)	position.	RC	
tendon	 involvement	 and	 other	 pathological	 findings	 of	 the	 shoulder	 joint	 and	
subacromial	 space	 were	 structurally	 recorded.	 The	 sagittal	 size	 of	 the	
supraspinatus	 tear	 (in	 millimeters)	 was	 measured	 with	 a	 probe.	 The	 joint	
surfaces	were	evaluated	and	classified	intraoperatively	by	the	surgeon	according	
to	 the	 Outerbridge	 classification.	 RC	 tears	 were	 re‐inserted	 anatomically,	 if	
possible,	and	fixed	with	non‐absorbable	titanium	anchors.	In	study	V	only	group	
3	 patients	 were	 treated	 by	 repairing	 the	 RC.	 In	 studies	 I‐IV	 an	 acromioplasty	
(straightening	 of	 the	 inferior	 surface	 of	 the	 acromion	 from	 back	 to	 front)	 was	
performed	 if	 the	 inferior	 surface	 of	 the	 acromion	 was	 frayed.	 In	 study	 V	 an	
acromioplasty	was	performed	in	all	operatively	treated	patients.	In	addition,	the	
AC	joint	was	resected	by	6	mm	if	the	joint	was	preoperatively	painful	and	if	there	
were	 severe	 degenerative	 changes	 in	 the	 AC	 joint	 by	 radiography	 or	 MRI.	 In	
studies	I‐IV	BLHT	tenotomy	or	tenodesis	was	performed	if	the	BLHT	provocation	
tests	were	positive	preoperatively	or	 if	 the	 tendon	was	 frayed	and/or	unstable	
during	 the	 operation.	 In	 study	 V	 the	 BLHT	 procedure,	 if	 any,	 was	 always	
tenotomy.		
 
Conservative treatment (Study V) 
The	physiotherapist	(trained	in	shoulder	rehabilitation)	gave	the	patient	written	
information	and	thorough	guidance	for	exercises	at	home.	The	exercise	protocol	
was	 standardized	 and	 included	 exercises	 for	 free	 glenohumeral	 motion	 and	
active	 scapular	 retraction	 for	 the	 first	6	weeks,	 then	gradually	 increasing	 static	
and	 dynamic	 exercises	 of	 the	 scapular	 and	 glenohumeral	 musculature	 from	 6	
weeks	 to	 12	weeks,	 and	 thereafter	 increasing	 resistance	 and	 strength	 training	
until	6	months.	In	addition	to	the	written	protocol,	the	patient	got	a	referral	for	





Postoperative rehabilitation  
In	studies	I‐IV	a	supporting	sling	was	used	for	two	weeks	postoperatively.	At	two	
weeks	 postoperatively	 patients	 were	 called	 in	 for	 physiotherapist	 guidance	 of	
passive	movement	exercises,	and	at	six	weeks	active	overhead	motion	exercises	
were	begun.	Strength	exercises	were	begun	at	10	weeks	after	 the	operation.	 In	
study	V,	 after	 the	acromioplasty	procedure	 (Group	2),	 the	physiotherapist	gave	
the	patient	guidance	for	free	glenohumeral	motion	and	active	scapular	retraction	
exercises.	 At	 three	 weeks	 the	 physiotherapist	 assessed	 the	 progress	 of	 the	
rehabilitation	 and	 gave	 the	 patient	 written	 information	 on	 movement	 and	
gradual	 resistance	 exercises	 to	be	 conducted	 at	 home	as	 for	Group	1.	After	 the	
acromioplasty	 +	 RC	 repair	 procedure	 (Group	 3)	 the	 arm	was	 immobilized	 in	 a	





got	a	referral	 for	10	physiotherapy	sessions	 in	an	outpatient	health	care	 facility	
for	monitoring	the	progress	of	therapy.		
		
Follow-up and clinical evaluation 
In	studies	I‐IV	the	patients	were	followed	up	at	the	Turku	University	Hospital	at	
three	months	and	one	year.	The	Constant	score	was	used	as	an	outcome	measure	
and	 was	 measured	 by	 an	 independent	 physiotherapist	 at	 the	 follow‐up	 visits.	
Additional	follow‐ups	were	scheduled	as	necessary.	In	study	V	the	patients	were	
followed	 up	 at	 the	 Turku	 University	 Hospital,	 Kuopio	 University	 Hospital	 and	
Hatanpää	 Hospital	 in	 Tampere	 at	 three,	 six	 and	 twelve	 months	 after	 the	
intervention.	The	Constant	score	was	used	as	the	primary	outcome	measure,	and	
it	was	measured	by	an	independent	study	nurse	at	the	follow‐up	visits.	Patients	
were	 also	 asked	 to	 subjectively	 evaluate	 whether	 the	 shoulder	 was	 better	 or	
worse	 compared	 to	 the	 pre‐treatment	 state	 and	 if	 they	were	 satisfied	with	 the	
treatment	outcome.	Additional	follow‐ups	were	scheduled	as	necessary.		
 
Cost analysis (V) 




(operation,	 supplies,	 patient	 care).	 This	 cumulative	 data	was	 collected	 from	 all	
patients	during	the	follow‐up	visits	at	six	and	twelve	months.		
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Statistical methods  
The	differences	in	categorical	variables	between	groups	were	tested	with	χ²‐test	




multiple	 measurements	 generalized	 linear	 mixed	models	 were	 fitted.	 Analyses	
were	 performed	 adjusting	 for	 essential	 confounding	 factors	 prior	 to	 the	
phenomenon	 that	 was	 investigated.	 Post‐hoc	 multiple	 comparisons	 were	
adjusted	with	Tukey‐Kramer	method.	Power	calculations	were	based	on	ANOVA	








There	 was	 no	 difference	 in	 the	 age	 of	 traumatic	 vs.	 non‐traumatic	 RC	 tear	
patients	(58	vs.	57	years,	p=0.63)	and	both	traumatic	and	non‐traumatic	patients	
improved	 similarly	 in	 terms	 of	 the	 Constant	 score	 and	 subjective	 satisfaction	
after	 operative	 treatment	 of	 the	 RC	 rupture.	 The	 traumatic	 tears	 were	
significantly	larger	in	size	(p=0.0002),	involved	more	often	the	whole	insertion	of	
supraspinatus	 tendon	 (p<0.0001)	 and	 the	 subscapularis	 tendon	 tear	was	more	
prevalent	 in	 conjunction	 with	 traumatic	 supraspinatus	 ruptures	 than	 non‐
traumatic	 ruptures	 (p=0.049).	 	There	were	more	biceps	pathologies	and	biceps	
procedures	 associated	with	 traumatic	 tears	 than	 non‐traumatic	 tears	 (p=0.02).	
The	mean	preoperative	Constant	scores	were	lower	in	the	trauma	group	(46	vs.	
52,	p=0.01).	Despite	a	longer	delay	between	symptom	onset	and	the	operation	for	
the	 non‐traumatic	 patients	 than	 the	 traumatic	 ones	 (p<0.0001),	 there	 was	 no	
statistically	significant	difference	in	terms	of	an	absolute	increase	of	the	Constant	
scores	between	traumatic	and	non‐traumatic	patients	(p=0.64).	 	At	 final	 follow‐
up	 there	 was	 a	 statistically	 significant	 difference	 between	 traumatic	 and	 non‐
traumatic	 tears	 in	Constant	 scores	 (73	vs.	77,	p=0.03),	but	after	adjustment	 for	
the	preoperative	Constant	score,	gender	and	size	of	rupture,	the	difference	in	the	
Constant	score	between	traumatic	and	non‐traumatic	group	at	one	year	was	not	







year	 postoperative	 Constant	 score	 (r=‐0.20,	 p<0.0001;	 r=‐0.36,	 p<0.0001,	
respectively).	 The	 overall	 correlation	 was	 similar	 for	 the	 genders,	 but	 the	
Constant	 scores	 were	 significantly	 lower	 in	 women	 (p<0.0001).	 The	 strongest	
correlation	 between	 tear	 size	 and	 the	 final	 postoperative	 Constant	 score	 was	
recorded	for	subscapularis	tears	(r=‐0.47)	and	the	correlation	weakened	slightly	
if	 the	 tear	 involved	 more	 posteriorly	 the	 supraspinatus	 (r=‐0.36)	 and	
infraspinatus	 (r=‐0.26).	 The	 total	 tear	 size	 of	 tears	 with	 infraspinatus	
involvement	 was	 significantly	 larger	 and	 involved	 more	 often	 the	 whole	
supraspinatus	 tendon	 insertion	 than	 tears	 with	 subscapularis	 involvement	
(p<0.0001).	 Accordingly,	 the	 associated	 supraspinatus	 tear	 was	 significantly	
larger	 in	 conjunction	 with	 infraspinatus	 tears	 than	 in	 conjunction	 with	
subscapularis	tears	(p<0.0001).		The	associated	procedures,	i.e.,	biceps	tenotomy	
(p=0.63),	 tenodesis	 (p=0.76)	 or	 AC	 joint	 resection	 (p=0.59),	 did	 not	 affect	 the	
final	postoperative	Constant	score.	The	mean	final	postoperative	Constant	score	
was	 75.5	 for	 tears	 with	 supraspinatus	 involvement	 and	 76.2	 for	 tears	 with	
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(p<0.001).	 There	 was	 no	 statistically	 significant	 difference	 in	 the	 age	 adjusted	
preoperative	 Constant	 scores	 (50	 vs.	 53,	 p=0.075)	 or	 the	 intraoperative	 age	









Pre‐	 and	 peroperatively	 detected	 osteoarthritis	 of	 the	 glenohumeral	 joint	
predicted	 lower	 pre‐	 and	 postoperative	 Constant	 scores.	 There	 was	 no	
statistically	 significant	 difference	 between	 the	 mean	 ages	 of	 patients	 with	 vs.	
without	 radiographic	 osteoarthritic	 changes	 (p=0.149).	 22/82	patients	 (26.8%)	
had	 osteoarthritis	 according	 to	 preoperative	 radiographs.	 All	 patients	 with	
osteoarthritic	changes	in	preoperative	radiographs	had	also	ostoarthritic	changes	
of	the	glenohumeral	joint	diagnosed	peroperatively.	16/60	patients	(26.7%)	with	
no	 osteoarthritic	 changes	 in	 preoperative	 radiographs	 had,	 nevertheless,	
intraoperatively	arthroscopically	diagnosed	osteoarthritic	changes.	Any	pre‐	and	
intraoperatively	 detected	 osteoarthritis	 was	 associated	 with	 lower	 Constant	
scores	both	preoperatively	(60.1	vs.	49.9,	p=0.0185	and	60.9	vs.	53.2,	p=0.0445,	




Operative	 treatment	 did	 not	 provide	 benefit	 over	 conservative	 treatment	 of	
atraumatic	supraspinatus	tears	at	one	year	of	follow‐up.	The	mean	sagittal	size	of	
the	 supraspinatus	 tear	 was	 similar	 in	 different	 treatment	 groups	 by	 pre‐
treatment	 MRI	 (p=0.48).	 The	 mean	 pre‐treatment	 Constant	 score	 in	 three	
different	treatment	groups	were	57.1	(Group	1),	59.6	(Group	2)	and	58.1	(Group	
3),	p=0.65.	Intraoperatively,	 there	was	no	difference	in	the	mean	sagittal	size	of	
the	 tear	between	Group	2	and	Group	3	 (p=0.18).	Nor	were	 there	differences	 in	
the	 number	 of	 AC	 joint	 or	 biceps	 procedures	 between	 Group	 2	 and	 Group	 3	
(p=0.40	 and	 p=0.50,	 respectively).	 The	 change	 of	 the	 Constant	 score	 from	pre‐
treatment	 to	 one‐year	 follow‐up	 values	 was	 similar	 in	 all	 treatment	 groups	
(p=0.34),	 and	 there	 was	 no	 statistically	 significant	 difference	 in	 the	 mean	
Constant	score	between	 the	groups	at	one‐year	 follow‐up	(74.1	(Group	1),	77.2	
(Group	2),	77.9	(Group	3),	p=	0.34).	The	patients'	subjective	satisfaction	at	one‐
year	 follow‐up	 was	 87%	 in	 Group	 1,	 96%	 in	 Group	 2,	 and	 95%	 in	 Group	 3,	
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(p=0.14).	 There	 were	 4	 patients	 (7.3%)	 in	 Group	 1	 and	 one	 patient	 (1.8%)	 in	
Group	 2	who	 chose	 to	 cross	 over	 to	 cuff	 repair	 after	 a	mean	 of	 0,7	 years.	 The	




































interventions	 at	 one‐year	 follow‐up.	 Traumatic	 and	 non‐traumatic	 groups	
improved	 similarly	 after	 operative	 treatment	 of	 RC	 tear.	 It	was	 found	 a	 strong	
linear	 negative	 correlation	 of	 RC	 tear	 size	 and	 Constant	 score	 both	 pre‐	 and	
postoperatively.	Smoking	had	a	negative	effect	on	 the	clinical	outcome	after	RC	









traumatic	 RC	 tear	 and	 a	 preceding	 trauma	 before	 symptoms	 did	 not	 affect	 the	
clinical	 outcome,	 although	 the	 traumatic	 tears	 were	 larger	 in	 size.	 Our	 results	
underscore	 that	 traumatic	 and	 non‐traumatic	 RC	 tears	 have	 a	 similar	
degenerative	nature.		It	is	generally	accepted	that	RC	tears	with	acute	functional	
weakness	 after	 a	 traumatic	 event	 is	 an	 indication	 for	 operative	 treatment.		
However,	in	elderly	patients	it	is	clinically	difficult	to	assess	which	component	of	
the	 RC	 tear	 is	 acute,	 and	 are	 the	 acute	 symptoms	 after	 a	 traumatic	 event	 an	
indication	for	operative	treatment.		Or	can	the	pre‐traumatic	asymptomatic	state	
be	 regained	 with	 conservative	 treatment	 only.	 A	 diagnosis	 of	 RC	 tear	 can	




The	 operative	 management	 of	 RC	 tears	 aims	 at	 anatomical	 healing	 of	 the	 re‐




Earlier	 studies	 have	 not	 answered	 the	 question	 if	 there	 is	 a	 direct	 association	
between	 size	 of	 the	 tear	 and	 clinical	 outcome.	 In	 our	 study	 there	was	 a	 strong	
linear	 negative	 correlation	 between	 the	 tear	 size	 and	 the	 Constant	 score	 both	
pre‐	and	postoperatively.	 	Although	 the	 strongest	 correlation	between	 tear	 size	
and	the	final	postoperative	Constant	score	was	recorded	for	anterosuperior	tears	
with	 subscapularis	 involvement,	 the	 final	 postoperative	 Constant	 score	 was	
significantly	 lower	 for	 posterosuperior	 tears	 with	 infraspinatus	 involvement.		
This	 finding	 suggests	 that	 transverse	 force	 couple	 is	 important	 to	 normal	
kinematics	and	function	of	the	glenohumeral	joint	(Keener	et	al.	2009,		Parsons	et	
al.	 2002).	 Retracted	 total	 tears	 of	 the	 subscapularis	 are	 rare	 (Garavaglia	 et	 al.	
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2011).	The	 subscapularis	 is	 often	 torn	 in	 the	upper	part	 of	 the	 tendon	without	
breaking	 the	 continuity	 and	 function	 of	 the	 tendon,	whereas	 infrapinatus	 tears	
are	often	large	and	cause	imbalance	to	the	transverse	force	couple.	Although	we	
have	 not	 carried	 out	 systematic	 postoperative	 MRI	 investigations,	 we	 assume	
that	 the	 poorer	 functional	 outcomes	with	 larger	 tears	 are	 due	 to	 lower	 tendon	
healing	rates,	since	these	affect	imbalance	to	the	transverse	force	couple.		
	
Tobacco	smoking	damages	many	organs	 in	 the	body,	 including	 the	heart,	blood	
vessels,	 lungs,	 eyes,	 mouth,	 reproductive	 organs,	 bones,	 bladder	 and	 digestive	
organs	(Ambrose	and	Barua	2004,		Archontogeorgis	et	al.	2012,		Chen	et	al.	2011,		
Cleary	et	al.	2010,	 	Freedman	et	al.	2011,	 	Rad	et	al.	2010,	 	 Solberg	et	 al.	1998,		
Talbot	 and	Riveles	2005).	However,	 there	are	only	 few	articles	 focusing	on	 the	
association	 between	 smoking	 and	 RC	 disease.	 	 A	 strong	 dose‐	 and	 time‐
dependent	 association	 between	 smoking	 and	 RC	 tears	 has	 been	 reported	 by	
Baumgarten	et	al.	(2010).	It	has	also	been	shown	that	smokers	tend	to	get	larger	
RC	tears	 than	non‐smokers	(Carbone	et	al.	2012).	Still,	 the	effect	of	smoking	on	
treatment	outcome	after	RC	 repair	has	been	 controversial.	Mallon	et	 al.	 (2004)	
reported	 that	 clinical	 results	 were	 better	 for	 non‐smokers	 than	 smokers	 after	
open	 RC	 repair,	 whereas	 Prasad	 et	 al.	 (2005)	 found	 no	 significant	 effect	 of		
smoking	on	treatment	outcome	after	open	RC	repair.	In	our	study	smoking	had	a	
negative	 effect	 on	 the	 clinical	 outcome.	 The	 final	 postoperative	 Constant	 score	
was	 significantly	 lower	 among	 smokers	 than	 non‐smokers.	 There	 was	 no	
difference	 in	 tear	 sizes	 between	 smokers	 and	 non‐smokers,	 but	 smokers	were	
significantly	 younger.	 This	 is	 in	 concordance	 with	 previous	 studies,	 which	
reported	 smoking	 as	 a	 prognostic	 factor	 for	 RC	 tears	 (Baumgarten	 et	 al.	 2010,		
Carbone	et	al.	2012).	In	our	study	quitting	smoking	at	the	time	of	surgery	did	not	





also	 incipient	 osteoarthritis	 of	 the	 glenohumeral	 joint	 is	 quite	 common	 in	 this	
patient	population.	An	association	between	glenohumeral	osteoarthritic	changes	
and	RC	tears	has	been	described	(Kernwein	1965,	 	Miller	and	Savoie	1994)	but	
only	 few	 studies	 have	 reported	 a	 negative	 effect	 of	 concomitant	 glenohumeral	
osteoarthritis	on	the	clinical	outcome	after	RC	repair	(Klinger	et	al.	2005,		Post	et	
al.	 1983).	 In	 order	 to	 homogenize	 the	 cohort	 and	 minimize	 the	 confounding	
factors	of	this	study,	we	included	only	male	patients	with	similar	sized	RC	tears.	
Our	results	are	in	accordance	with	these	previous	results:	they	show	significantly	
lower	 Constant	 scores	 both	 pre‐	 and	 postoperatively	 in	 patients	 with	
glenohumeral	osteoarthritic	changes	in	radiographs	or	intraoperative	evaluation.		
The	prevalence	of	RC	tears	and	of	osteoarthritis	increases	with	age.	In	our	study	
osteoarthritic	 changes	 in	 conventional	 radiographs	were	 found	 in	26.8%	of	 the	
patients	 and	 arthroscopic	 intraoperative	 osteoarthritic	 changes	 in	 no	 less	 than	
46.3%	 of	 RC	 tear	 patients	 who	 had	 a	 mean	 age	 58	 years.	 The	 symptoms	 of	
Discussion 
50	
incipient	 glenohumeral	 osteoarthritis	 and	 degenerative	 RC	 tears	 can	 be	 quite	
similar.	 In	 patients	with	 both	 conditions	 it	 is	 sometimes	 difficult	 to	 assess	 the	
reason	 for	pain	and	 the	optimal	 treatment	method.	 It	 is	not	known	 if	 a	RC	 tear	
and	 glenohumeral	 osteoarthritis,	 when	 manifested	 together,	 are	 two	 different	
diseases	or	 if	 there	 is	a	cause	and	effect	relation	between	osteoarthritis	and	RC	
tears.	Different	theories	have	been	suggested	to	explain	this	relation	(Braune	et	
al.	2000,	 	Hsu	et	al.	2003,	 	Petersson	1983,	 	Ruckstuhl	et	al.	2008,	 	Sekiya	et	al.	
2012).	However,	based	on	our	results,	concomitant	glenohumeral	osteoarthritis	
should	 be	 considered	 as	 a	 negative	 prognostic	 factor	 with	 regard	 to	 clinical	
outcome	after	RC	repair.		
	
Contrary	 to	 our	 hypothesis	 and	 an	 earlier	 prospective	 randomized	 study	 by	
Moosmayer	et	al.	(2010)	we	found	no	statistically	significant	difference	in	clinical	
outcome	 between	 the	 three	 studied	 interventions	 for	 supraspinatus	 tears.	
Arthroscopic	 repair	 of	 the	 supraspinatus	 tear	 did	 not	 result	 in	 a	 significantly	
better	Constant	score	compared	to	acromioplasty	or	conservative	treatment.	We	
included	 only	 non‐traumatic	 supraspinatus	 tears	 to	 our	 trial,	 whereas	 in	 the	
Moosmayer	trial	over	50%	of	patients	had	a	traumatic	onset	of	symptoms.	This	
large	 amount	 of	 traumatic	 patients	may	be	 the	 reason	 for	 lower	pre‐treatment	
Constant	 scores	 in	 the	 Moosmayer	 study	 compared	 to	 our	 study.	 In	 the	
Moosmayer	 study	 the	 final	 one‐year	 Constant	 scores	were	 similar	 to	 ours.	We	
had	 similar	 results	 for	 the	 three	 treatment	modalities	 at	 one	 year	 of	 follow‐up	
and	 this	 raises	 the	 question	 if	 similarly	 instructed	 physiotherapy	 is	 the	 main	
effector	 for	a	similar	 improvement	 in	all	groups	 in	our	study.	However,	 there	 is	
no	 hard	 evidence	 for	 an	 effect	 of	 physiotherapy	 on	 the	 clinical	 treatment	
outcome.	 	Maybe	 in	 patients	with	 symptomatic	 degenerative	 non‐traumatic	 RC	
tears	the	symptoms	disappear	spontaneously	in	due	time.	It	was	not	able	to	setup	
a	 placebo	 controlled	 trial	 because	 one	 group	 was	 treated	 conservatively.		
Therefore,	we	were	 not	 able	 to	 see	 any	 possibly	 superior	 placebo	 effect	 in	 the	
operatively	 treated	 patients.	 It	 is	 also	 noteworthy	 that	 in	 the	 outcome	 analysis	
performed	in	an	intention	to	treat	 fashion,	the	 four	crossover	patients	after	six‐
month	 follow‐up	 lowered	 the	one‐year	Constant	 scores	 in	Group	1	due	 to	early	
postoperative	 phase	 after	 RC	 repair.	 Despite	 these	 factors,	 there	 was	 no	
difference	 in	 clinical	 outcomes	 between	 the	 groups	 at	 the	 final	 follow‐up.	 Our	
results	 support	 the	 use	 of	 conservative	 treatment	 as	 the	 primary	 modality	 to	
treat	 elderly	 patients	 with	 symptomatic	 non‐traumatic	 supraspinatus	 tears.	
Further	 studies	 are	 needed	 to	 investigate	 the	 longterm‐outcome	 in	 these	 non‐
traumatic	RC	tear	patients.	
 
Study limitations  
The	current	study	has	several	 limitations.	Studies	I‐IV	are	retrospective	register	
studies	 of	 prospectively	 collected	 cohorts	 partly	 at	 the	 same	 time	 period	 and	


















interobserver	 reliability.	 Accordingly,	 a	 level	 I	 systematic	 review	 by	 Roy	 et	 al.	






the	 study.	 MRI	 can	 detect	 intra‐articular	 lesions	 (Miller	 and	 Savoie	 1994),	
establish	 the	 size	 of	 the	 RC	 tear	 and	 assess	 the	 quality	 of	 the	 tendon	 and	 RC	
muscles	(Melis	et	al.	2010,		Rulewicz	et	al.	2013).	Especially	muscle	atrophy	and	
fatty	 infiltration	 into	 the	 RC	 muscles	 are	 associated	 with	 treatment	 outcome	








Study strengths  














conservative	 treatment	 can	be	 suggested	 as	primary	 treatment	 for	 only	 elderly	
RC	 tear	 patients.	 Randomized	 controlled	 trial	 comparing	 different	 treatment	
modalities	in	younger	RC	tear	patients	is	needed.	It	is	unknown	if	there	are	some	
differences	 in	 tendon	 degenerative	 changes	 in	 younger	 individuals.	 Are	
symptoms	different	in	younger	patients	because	of	higher	physical	activity?		The	



























RC	 tears	 was	 similar.	 	 Both	 traumatic	 and	 non‐traumatic	 patients	 improved	




2.	 The	 intraoperatively	 assessed	 RC	 tear	 size	 correlated	 significantly	 with	 the	
pre‐	 and	 postoperative	 Constant	 score.	 	 The	 strongest	 correlation	 between	 the	
tear	 size	 and	 the	 final	 postoperative	 Constant	 score	 was	 recorded	 for	
anterosuperior	 tears.	 However,	 the	 total	 tear	 size	was	 significantly	 larger	with	
infraspinatus	 involvement.	 The	 clinical	 outcome	 was	 poorer	 for	 patients	 with	
posterosuperior	RC	tears	than	for	patients	with	anterosuperior	or	superior	tears.		
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Hatanpää	 Hospital	 during	 the	 years	 2007‐2013.	 This	 work	 was	 financially	
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